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ABSTRACT
Mechanisms modulating avian seasonal reproduction involve a complex
interaction between exogenous environmental information and internal physiologic
systems, such as functional changes in the hypothalamic-gonadal axis and changes in
the influence o f monoaminergic neurotransmitters on hypothalamic neuroendocrine
cells. This project was undertaken to describe seasonal changes o f the testes and
immunoreactive-<ir)-gonadotropin-releasing hormone (GnRH) neurons in House
Sparrows in southeastern Louisiana, and to examine the role o f monoaminergic
neurotransmitters in modulating seasonal reproduction through the use of dietary
monoamine precursors.
Testicular weights rapidly increased fi'om February to March, peaked fi'om
April to July, when the seminiferous tubules were spermatagenically active and filled
with stratified germinal epithelium and prominent Leydig cells. There was a decrease
in stratified epithelium in August, and by September, testicular weights had
decreased to weights similar to those of testes previously collected in January.
Histologically, September tissues showed little stratified epithelium and an increase
in fibroblastic interstitial tissue.
More ir-perikarya were identified in brains collected in June (mean ±
SEM=214.00 ± 7.50) compared to January (37.66 ± 14.57) (F=65.97, DF=1,5,
P<0.001). During January, significantly more bipolar neurons (58.81 ± 1.38%)

XU
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were observed than either multipolar (20.82 ± 1.61%) or unipolar (20.43 ± 1.93%)
cells (F=5.36, DF=1^0, P<0.005), whereas in June, there were more (P<0.05)
multipolar perikarya than bipolar (58.93 ± 0.57% and 41.14 + 0.68%, respectively)
cells; unipolar cells were not found. In September, no ir-perikarya were detected.
In April and September, L-tryptophan and L-DOPA were individually added
to the sparrows’ diets. Compared to control birds (above), tryptophan-fed birds
sacrificed in April showed a decrease in testicular weights and numbers of ir-GnRH
perikarya. Tryptophan-fed birds sacrificed in September did not diSer fi'om
controls. Although no effect was observed in April, birds fed L-DOPA and
sacrificed in September had testicular histologies and numbers of ir-GnRH perikarya
(46.25 + 5.76), similar to the control January birds (F=0.760, DF=1,68, p>0.05). It
was hypothesized that both monoamine precursors effectively reset the timing o f
seasonal shifts in the avian reproductive cycle.

xm
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CHAPTER I: INTRODUCTIO N

Most bird species in temperate zones are seasonal breeders in which
initiation o f reproduction is influenced by increasing daylengths (Aschoff, 1955;
Erame, I960; Earner, 1958; 1959; Earner and EoUett, 1966; Hanke and Gierbsburg,
1963; Kirschbaum and Ringoen, 1936; Lewis fit al- 1974; Thapliyal, 1954; 1978;
Thapliyal and Tewary, 1964; Thomson, 1950; for reviews see Murton and
Westwood, 1977; Wingfield and Earner, 1993). Increasing daylength indirectly
stimulates release of pituitary gonadotropins which stimulate gonadal recrudesence,
spermatogenesis, expression o f secondary sex characters, and reproductive
behaviors (Bhat and Maiti, 1989; Dawson and Goldsmith, 1983; Dawson fit al ,
1988; Eoster fit al , 1988; Goldsmith fit al , 1989; Hamner, 1966; Mattocks fit al ,
1976; Middleton and Scott, 1965; Wolfton, 1966).
It is necessary for the reproductive and brood rearing phases to be
terminated in sufficient time to allow for the post-nuptual (premigratory) molt and
premigratory fattening in preparation for autumnal migration (Dawson and
Goldsmith, 1983; Dawson fit al , 1988; Murton and Westwood, 1977; Wingfield and
Earner, 1993). Mechanisms have evolved for the timing o f seasonal reproduction
based on the predictability of changing seasonal enviromental conditions. These
mechanisms include a refiactory period in which individuals are no longer sensitive
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to the long daylengths that previously stimulated and m aintained reproduction in the
spring (Famer ^ a[., 1983; Murton and Westwood, 1977; Wingfield and Famer,
1993). This is often referred to as photorefiactoriness. Birds do not become
photosensitive again until there has been an intervening period of short daylengths
(Ball, 1993; Meier and Russo, 1985)
Reproduction and the release o f the pituitary gonadotropins, luteinizing
hormone (LH ) and follicle stimulating hormone (FSH), are influenced by
hypothalamic neurons that synthesize and stimulate gonadotropin releasing-hormone
(GnRH, also referred to as luteinizing hormone releasing-hormone, LHRH) (for
review see HofBnan st a l, 1992). The anatomical distribution of these neurons has
been characterized for several species o f birds, including chickens (Gallus
domesticus) (Mikami fit al , 1988; Sterling and Sharp, 1982), Japanese Quail
(Cotum ix cotum ixjaponica) (Mikami fit al , 1988), Mallards {Anas platyrynchos)
(Bons fit al , 1978), European Starlings {Stumus vulgaris) (Foster fit al , 1987;
Goldsmith fit al , 1989), Great Tits {Parus m ajor) (Silver fit al , 1992), and House
Sparrows {Passer domesticus) (Hahn and Ball, 1995; Meseke 1997, Meseke fit al ,
1993). In these species, perikarya containing GnRH were found predominantly in
the septum, preoptic areas, and the medial basal hypothalamus. Recently, it has
been suggested that changes in the morphology o f avian GnRH neurons may be
related to seasonal changes in reproductive status (Saldahnafital , 1994; Sharp fit
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ai , 1990). During photorefiactory periods, there has been a reported decrease in
staining intensity of these neurons using inununocytochemical techniques (ICC)
(Foster fit ai , 1987; Hahn and Bail, 1995; Meseke and Melrose, 1994). These
changes in GnRH neurons may be correlated with seasonal changes in the structure
and function o f the gonads.
Specific mechanisms responsible for the onset o f reproduction and
photorefiactoriness are unknown but previous work by Meier and associates has
suggested dopaminergic and serotonergic circadian rhythms interact in a synergistic
internal coincidence model (for review see Meier and Russo, 1985). In this model,
individual circadian rhythms are hypothesized to exist for both dopaminergic and
serotonergic nerve pathways. As each systen is not exactly tied to an exact 24 hour
cycle, the “phase angle” or time between the peaks o f the cycles changes. It is this
changing phase relationship which seems to determine the response o f an animal to
stimulatory photoperiods. This hypothesis has been tested in several species of
birds; although the exact phase relationship may be species specific, the general
model appears correct (Bhatt, 1990; Chaturvedi and Bhatt, 1990; Meier and Russo,
1985; M iller and Meier, 1983a,b).
The objective of this research project was to determine how the GnRH*
gonadal system changes during the annual reproductive season o f House Sparrows.
These endpoints have not previously been measured in a contemporary fashion in
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most other studies with avian species. It was iQ^pothesized that there is a discrete
seasonal relationship between changes in the morphology and staining o f GnRH
neurons and testicular weight and histology and that this relationship may be
modified through the use of dietary serotonergic or dopaminergic precursors. This
hypothesis was tested by performing three experiments. The first study involved
characterization o f the House Sparrow’s annual reproductive cycle based on
testicular weights and changes in testicular histology (primarily structure of the
germinal epithelium of the seminiferous tubules) in southeastern Louisiana. The
specific timing o f reproductive cycles is unknown for sparrows in southeastern
Louisiana. In the second study, the morphology, distribution, and numbers of irGnRH neurons was characterized for House Sparrows sacrificed in January, June,
and September. These time points were chosen because January corresponds to the
beginning of the reproductive cycle, June represents the peak o f the breeding
season, and September is after which the birds had become photorefiactory. The
third experiment involved adding either L-tryptophan or L-dihydroxyphenylalanine
(L-DOPA) to the sparrow’s diet in order to determine whether these monoamine
precursors could be used to alter seasonal reproductive status based on numbers o f
ir-GnRH neurons and changes in testicular histology. This experiment would help
validate Meier’s internal coincidence model o f monoaminergic control of seasonal
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reproduction in birds. Results fiom these experiments may also provide for a more
complete understanding o f the neuroendocrine basis o f photorefiactoriness.
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CHAPTER 2: REVIEW OF UTERATCRE

A. BREEDING BIOLOGY OF HOUSE SPARROWS.
The House Sparrow {Passer domesticus') is an old world sparrow (6m ily
Passeridae) which is closely related to the weaver birds (Amily Ploceidae) (AOU,
1983). The House Sparrow was introduced to North America (Brooklyn, New York)
from England in 1850 with several subsequent introductions through 1867 (Robbins,
1973). These introductions were successful, and currently this bird is found throughout
most o f North America (AOU, 1983; Lowther and Gink, 1992; Robbins, 1973). House
Sparrows are most numerous in agricultural areas and towns, where they usually form
loose breeding colonies (Summers-Smith, 1954; 1963). In areas where this species’
numbers are lower. House Sparrows are generally associated with areas o f human
habitation (Lowther and Gink, 1992).
The breeding season o f this species in various portions o f the northern
hemisphere (England, Illinois, Kansas) has been well documented (Lowther and Gink,
1992; Mitchell and Hayes, 1973; h/fitchdl fit al., 1973; Summers-Smith, 1963). These
studies have shown that pair formation and nest building begin in January or Fd)ruaiy,
prior to the onset of fertile reproductive periods. In many areas, including southern
Galifomia, Illinois, Kansas, and northern Texas, House Sparrows begin breeding in
March with peak reproductive activity occurring from April to June (Lowther and
Gink, 1992; Mitchell and Hayes, 1973; Mitchell fit al , 1973). Although sparrows in
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these localities are still reproductively active through August, there is a reduction in
numbers of eggs laid and successfully batched (AUender, 1936; Davis and Davis, 1954;
Kirschbaum and Ringoen, 1936; Lowther, 1979,1995; Lowther and Cink, 1992;
\fitchell fit a[., 1973; Threadgold, 1960). Clutch size varies between 1 to 8 eggs per
effort, with a mean of 5 eggs per clutch (Lowther 1979, 1995; Nfitchell a al., 1973).
The incubation period lasts approximately 11 days, followed by a brooding period of
about 14 days (Lowther, 1979,1995; Lowther and Cink, 1992; Mitchell and Hayes,
1973; Mitchell fit al, 1973). In many parts of its range, including Illinois and Kansas, 2
to 3 clutches are produced per nesting season, while in more southern areas o f this
bird’s range (northern Texas) 4 to 5 clutches may be produced (Lowther, 1983;
Lowther and Cink, 1992; Mtchell fit a l , 1973; 1^11, 1973).
After leaving the nest, recently fledged young do not form tenrtories and breed,
but rather they disperse and form loose social flocks with no specific home range
(North, 1973; Will, 1973). At the end of the breeding season in which the fledgling
birds were hatched, the mature adults join flocks o f these younger anim als (North,
1973; Stokes, 1979). In Illinois and Oklahoma, it was shown that these mixed flocks
break up later in the foil (October-November), at which time the juveniles disperse and
the adults return to their previous home ranges (Lowther and Cink, 1992; North,
1973). Pair formation occurs at this time; although flsrtile reproductive cycles do not
occur until the following spring (Lowther and Cink, 1992).
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B. A V U N SEASONAL REPRODUCTIVE ENDOCRINOLOGY.
The House Sparrow reproductive cycle includes a complex series o f events that
involves development o f functional gonads, establishment o f breeding territories, pair
formation, nest construction, ovulation and egg-laying, incubation and hatching of
young, and finally, care o f the hatchlings until Hedging (for review see, Wi%field and
Famer, 1993). The timing o f this cycle is dependent upon enviromental infi)rmation
which allows an individual to predict the optimal time for reproduction and broodrearing, and initiate gonadal development in advance o f the breeding season (Murton
and Westwood, 1977; Ball, 1993; Wingfield and Famer, 1993). Two sets of
environmental Actors influence the timing of reproduction (Wingfield and Famer,
1993). First, "ultimate Actors" concern the evolutionary timing o f reproduction which
serves to maximize fecundity based on the availability of a suitable and hospitable
enviroment. Probably the most important component o f this is the availability o f food,
which is essential for the growth and survival o f the young. Differences in food
availability may be reflected in differences in timing o f reproduction in different habitats
within a single species. Secondly, "proximate factors" are those specific enviromental
cues which regulate gonadal development and reproduction. In temperate regions, the
most important environmental cue is the annual increase in photoperiod (Murton and
Westwood, 1977; Ball, 1993; Wii%field and Famer, 1993). Photoperiod is also an
important timing mechanian in the tropics, but as daylength varies only by minutes
throughout the year in these localities, secondary enviromental cues, such as the onset
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of the rainy season become more important ^ u rto n and Westwood, 1977). Wingfield
(1980,1983) has also discussed "essential supplementary/secondary Actors" which act
in addition to photoperiod to "fine tune" timing o f the breeding season. These Actors
include temperature, weather, social interactions, and availability o f breeding territories.
Many o f the enviromental efiActs on reproduction in male House Sparrows are
due to regulation o f neuroendocrine function o f gonadotropin-releasing hormone
(GnRH) cells in the diencephalon (Hahn and Ball, 1995; Meseke and Melrose, 1994).
At the appropriate time o f the year, GnRH is released into the perivascular space o f the
median eminence and travels to the anterior pituitary gland, where it binds to
gonadotropes, eliciting the release of both luteinizing hormone (LH ) and foUiclestimuAting hormone (FSH). These two hormones are transported in the systemic
circulation to the testes. Luteinizing hormone acts on the Leydig cells to stimulate
production o f androgens, such as testosterone, and FSH acts on the Sertoli cells to
increase production o f estrogens and stimulate synthesis of peptides which help to
support sperm production (for review see Van Tienhoven, 1983).

1. Gonadotropin releasing-hormone.
a. Chemistry. Genomic sequences have been characterized for chicken
(c), human (h), rat (r), mouse (m), and atlantic salmon (s) GnRH (Adelman fit gl., 1986;
Bond fit al , 1989; Dunn & al I993a,b; Kjungland fit al 1992; Seeburg and Adelman,
1984; for review see HofBnan fit al, 1992). In all o f these animals, the GnRH gene
contains 4 exons. The first exon includes the 5' non-coding region whereas exon 2
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codes for the signal peptide, GnRH, the C-tenninai cleavage site, and the first 11 amino
acids (10 in bony fishes) o f GnRH-associated peptide (GAP). The third mcon codes for
the middle portion o f GAP and exon 4 codes for the remaining portion o f GAP, the
termination codon, and it also contains a 3'-untranslated r%ion o f mRNA. Sequences
coding for GnRH peptide are the most phylogenetically conserved. Nucleotides in
exon 2 are 61 to 64% homologous in chickens and mammals and 47-53% homologous
in chickens and bony fish. Conservation o f exons 3 and 4 for chickens and mammals is
47-53% and 69%, respectively. Homology o f exon 3 in chickens and osteichthyes is
30-31%, and there is little homology o f nucleotides in exon 4. hi avian species, there is
some variabflty in sequences included in the second exon. For example, when southern
blot analysis o f genomic DNAs isolated from quail {Cotumix cotunrix), turkey
(Meleagris gail(^favo\ and chicken (G allus gallus domesticus) were compared with
that fi'om Emus (Dromaius navaeholkmdia). Port Lincoln Parrots {Bam ardius
zoncffiitsflammea), and Common Redpoll (Acanthi'sflananea), the chicken (c) GnRH I
probe foiled to hybridize with the emu, parrot, and redpoll cDNAs (Dunn gt al ,
I993a,b). As this probe corresponded to the region that codes for cGnRH I and the
proteolytic cleavage and amidation sites for processing o f GnRH, and GAP, it has been
suggested that the GAP sequence is variable in birds.
In rats, mice, and humans, pre-pro-GnRH is 92 amino acids long and weighs
approximately 10,000 dahons (Adelman fit al , 1986; Kudo ^ al-, 1993; Seebuig and
Adelman, 1984; Williamson fit al-, 1991). This pre-pro-peptide includes a 23-amino
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acid signal sequence, the GnRH decapeptide, the C-terminal cleavage and amidation
site, and GAP. Sequence o f the C-terminal cleavage site, CHy-Lys-Arg, is highly
conserved in many taxa and may reflect the conservation o f a common substrate for
trypsins and carboxypeptidases (Ranganqu fit fil., 1991; Rangaraju and Harris, 1991).
After translation, the pro-hormone for GnRH is packaged within secretory
granules and the granules are transported by axoplasmic flow to the axon terminus
(Silverman, 1988; Wetsel fit fil., 1995). Within the secretory granules the pro-hormone
undergoes post-translational modifications involving several enzymes, which result in
cleavage of the pro-hormone and amidation o f GnRH (Silverman, 1988). In the nerve
terminals, both GAP and GnRH remain in the secretory granule and are released
together (Clarke fit al-, 1987; Melrose fit ai 1994; Silverman fit al-, 1990). To date,
more than nine difibrent forms o f vertebrate GnRH have been sequenced (King and
Millar, 1982a,b, 1986; Lovejoyfital- 1992; Matsuofital-, 1971; Ngamvongchon gt a l,
1992; PoweUfitai , 1994, 1996; Sherwood fit al-, 1983,1986; Sower fit al-, 1993; White
fit al , 1995; for review see King and \filla r, 1992; Miske, 1993). In all forms, residues
1,2,4,9, and 10 are conserved (Figure 1). The mammalian (m)GnRH peptide has the
sequence: pGlu-Ifis-Trp-Ser-Tyr-CHy-Leu-Arg-Pro-Gly-NHj (Matsuo fit al-, 1971;
Seeburg and Adelman, 1984). Birds have a similar sequence except that residue eight
is replaced by (Hu in cGnRH I (King and M illar 1982a,b). Birds also have a second
form of GnRH, which is refinred to as cGnRH II. Chicken GnRH H differs from
cGnRH I at amino acids five, seven, and eight which are replaced by K s, Trp, and Try
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Figure 1. Structure of nine characterized forms of vertebrate gonadotropin releasing-hormones. *Residues that
differ from sequences for mammalian GnRH are indicated in parenthesis. ** Amino acids in the deca
peptide are numbered sequentially from the carboxy to the amino terminus.
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respectively (King and Millar 1982a,b). In mammals, the decapeptide folds into a
hairpin loop and residues at the N> and C- terminals are all important for receptor
binding and/or biological activity at the pituitary level (King and Millar, 1992; Muske,
1993). Based on the primary amino acid sequence, this is probably true for cGnRH I
also (Muske, 1993).
b.

Neuroanatomy and distribution. Three forms o f (jnRH are found in

the central nervous system (CNS) o f a wide variety o f species; these include mGnRH
(found in mammals and amphibians), cGnRH I (found in birds and reptiles), and
salmonid (s)GnRH (found in teleosts). These three forms have similar structures and
they may have evolved from a common gene (Muske, 1993; for review see King and
Millar, 1991,1992). The most common chemical form o f GnRH is cGnRH H, which is
found in all vertebrate taxa except Agnatha. In most species, cGnRH II co-exists with
another form o f GnRH and it is found predominantly in extrahypothalamic areas and in
caudal segments o f the brain stem (Ball, 1993; Mikami e^ al., 1988; Yu fit a l, 1988).
Although cGnRH II causes the release o f pituitary LH and FSH in wtro, it seems to
play no role in the w vivo control of LH release in birds (Sharp fit al , 1990)
An understanding of the organization o f GnRH neurons in the CNS is
fundamental to the understanding of the control o f reproduction and the identification
of ir-cells with neuroendocrine fimction. Typically, GnRH neurons which control avian
reproduction are found in the basal ford>rain and in hypophysiotropic areas o f the
hypothalamus (Millam fit al , 1989,1991) In most adult animals, ir-GnRH neurons
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coDtroiling reproductive functions and behaviors have been found in the preoptic areas,
the septum, and in the arcuate nucleus or medial basal hypothalamus (for review see
Hoffinan fit ai , 1992). The proportion of cells found in each of these areas is speciesspecific (MuUo' and Nistico, 1989; Muske, 1993). Nevertheless, axon terminals fi’om
these neurons typically end in juxtaposition to fenestrated capillaries in the medial
eminance or the organum vasculosum o f the lamina tenninalis (OVLT) (for review see
Silverman, 1988). Studies on localization ofir-cGnRH I have been carried out in
several species ofJuvenal and adult birds, including starlings (Goldsmith fit al., 1989),
chickens (Jozsa and Mess, 1982; Sterling and Sharp, 1982), Mallard Ducks {Anas
platyrhynchos) (Bons fit al., 1978), Japanese Quail (Mikami a al , 1988), Great Tits
{Parus m ajor), and Ring Doves {Streptopelia roseogrisea) (Silver aL al., 1992) (Table
1). As indicated in Table 1, there are species-specific dififerences relative to amounts of
detectable cGnRH I in various areas o f the avian brain. As in mammals the avian
preoptic area contains more ir-neurons than either the mediobasal hypothalamus or the
septum. The galliform septum appears to contain more ir-perikarya as compared to
passerines. These data may be due both to phylogenetic differences between passerines
and non-passerines (Schmidt-Neilson, 1990) and/or because o f differences in the
fixation, staining, and analysis techniques that were employed (for reviews see Hoffinan
fitâl-, 1992; McCann, 1981).
Previous researchers have also speculated on functional differences in GnRH
neurons fi’om different areas of the basal forebrain. In mammals, fibers fi’om most
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Table 1. Relative Distribution o f cGnRH I Neurons in Selected Birds.

Septum

Preoptic Area

MBH

Domestic Fowl

-H-+

+-H-

+

Japanese Quail

+-H-

-t-H-

—

Mallard

+++

—

—

Turkey

+-F

-H-F

+

Ring Dove

-H-

+-FF

—

European Starling

-H-

+-F

-F

Great Tit

-F

+-F+

-F+

The number o f plus signs indicate relative prevalence of cGnRH I neurons in a
particular area, \finus signs indicate that cells were not found in a particular area.
MBH = medial basal hypothalamus.
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(> 60%) GnRH neurons found in the preoptic areas and the MBH end on fenestrated
capillaries in the OVLT or the median eminence whereas cells in the septum and
posterior brainstem typically project to various areas o f the brain (Meseke, 1997; Silver
St ai , 1992, for review see HofiSnan st ai , 1992). Thus, in both birds and mammals^
cells located in MBH and PGA may function to control gonadotropin secretion,
whereas ir-cells in other areas o f the brain may have neurocrine functions.
c.

Morphology o f GnRH neurons. Gonadotropin releasing hormone

neurons have been classified based on the number o f processes (unipolar, bipolar, or
multipolar) and also by contour of their cell body (smooth or spiny). Because these
cells originate fi'om neural ectoderm of the olfoctory placode, they are also sometimes
ciliated in adult animals (Amraouri and Dubois, 1993; Kozlowski fit fii. 1980, Sullivan
and Silverman, 1993; for review see Schanzel-Fukuda fit al., 1992;). Little is known
regarding the existence o f morphological subtypes o f GnRH neurons in birds since
much of the related data is for mammals. Further, for mammals, confounding
descriptions of morphological sub-types o f GnRH neurons is a problem since
inconsistant and often confusing nomenclature is fiequently published. In rabbits, for
example, Weindl and Sofi^niew (1980) descibed bipolar and multipolar neurons while
Foster and Younglai (1991) distinguished GnRH cell bodies on the basis of smoo^. or
spiny contours. For rats, some researchers have reported bipolar and unipolar GnRH
cells (Wray and Gainer 1987; Wray and Hoffinan I986a,b,) and others have
categorized these cells as rough or smooth (Jennes fit al., 1985; Liposhs fit al , 1984;
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for review see Hoffinan fit al., 1992). Nevertheless, these reports suggest that
morphological distinctions may be significant since reproductwe and neuroendocrine
functions o f GnRH neurons may be closely related to morphological plasticity o f GnRH
neurons and their association with other neurons and glia or median eminence
vasculature (Whkin fit al , 1991,1995).
In mammals, GnRH neurons are usually bipolar or unipolar (Krey and
Silverman, 1983; for review see Barry, 1979; Silverman, 1994). However, in sheep
(Caldani fit al , 1988), goats (Weidl and Sofit)niew, 1980), Rheusus Monkeys (Whkin
fit al , 1991), and ponies (Melrose fit al , 1994) multipolar GnRH neurons have been
identified. Interestingly, the relative proportion o f unipolar and bipolar neurons does
not appear to be similar among diffisrent species.
The other classification o f GnRH neurons is that o f spiny (rough) or smooth
based on the contour o f the cell body. In neonatal rats, most GnRH neurons are
smooth (Wray and Hoffinan, 1986a,b). At the time o f puberty, most cell bodies
become spiny and they remain this way through adult lifis (Foster and Younglai, 1991;
Wray and Hoffinan, 1986 a,b). It was once thought that spiny cells received more
synaptic input than smooth cells (Jennes fit al-, 1985). It has subsequently been
demonstrated that there are no dififerences in syn^hic input to the two cell types in rats
(Foster and Younglai, 1991; W tkin and Demasio, 1989,1990). However, spiny
neurons in rats do contain more Golp complexes and mhochondria, which suggests
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that metabolic activity o f the two cell types may be different (Whkin and Demasio,

1989, 1990).
The functional significance o f different morphological subsets o f GnRH neurons
remains unclear but h has been suggested that such differences may be related to
prevalence o f synaptic input, reproductive activity, levels o f GnRH secretion, and/or
age o f the animal (Karsch fit ai., 1987; King and Letoumeau, 1994; Lehman fit ai ,

1986; Pickel fit a i, 1993; Whldn and Romero, 1995). Whether any or all o f these
possibilities are pertinant to distinctions between the morphological subsets requires
further study. In both ponies (Melrose et al., 1994) and House Sparrows (Meseke,

1997; Meseke et al., 1993) unipolar and bipolar perikaiya were often observed in
groups, with cell bodies often appearing in contact with one another, conversely,
multipolar perikaiya often appeared individually. These researchers speculated the
unipolar and bipolar neurons may be important in the synchronization o f the GnRH
pulse, while multipolar neurons may be important in the modulation o f information
fi'om other neurons.

2. The testes.
a.

General histology. Sperm production and maturation occurs in the

testes. These paired, white ovoid/elliptoid organs are located in the abdominal cavity,
anteriomedial to the kidneys, and posterior to the lungs and anterior air sacs. The
testes are attached to the dorsal body wall by a fold in the peritoneum (mesorchium).
The whitish-shiny appearance o f the avian testes is due to a covering o f dense irregular

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

19
connective tissue o f the tunica albuginea (Fitzgerald, 1969; Wrobel and Oellman,
1993). Two nuyor structural components are present within the testes, the
seminiferous tubules and cells in the interstitial area. The seminiferous tubules are a
mass o f anastomosing tubules lined by stratified germinal epithelium and sustentacular
or Sertoli/nurse cells (Lofts and Mutton, 1973). The developing germ cells are
arranged such that immature spermatogonia are located along the outer margins o f the
tubule, in contact with nearby Sertoli cells. The close association between
spermatogonia and Sertoli cells is important because the Sertoli cells produce
numerous Actors vital to spermatogonia development and control of gonadotropin
secretion, including androgen binding protein and inhibin (Steinberger, 1989;
Steinberger and Steinberger, 1989). Mature spermatozoa are found at the luminal
margins, with their tails extended into the lumen, and their heads associated with
Sertoli cells (Wrobel and Delhnan, 1993). The interstitial spaces contain loose
connective tissue, blood and lymph vessels, and testosterone producing Leydig cells
(Wrobel and Dellman, 1993).
b.

Seasonal changes in testicular histology. The advent o f the avian

breeding season begins with an increase in LH and FSH synthesis and release in and
fi’om the pituitary (Dawson and Goldsmith, 1983; Mattocks fit al., 1976; Rohss and
Silverin, 1983). These increasing hormone levels bring about the rapid increase in
testes size that starts in early March and ends with the testes reaching m axim al size in
approximately May (35° to 55°N) (Threadgold, 1960; Hamner, 1966; Rohss and
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Silverin, 1983; Gwinner, 1987). During this time, there is a rapid increase in mitotic
activity in the spermatogonia, successive meiotic divisions, and maturation of
spermatocytes into mature spermatozoa (Steinberger and Steinherger, 1989; Wrobel
and Dellman, 1993). As noted previously, each stage o f gamete development is
coordinated such that the germinal epithelium is not a mass of randomly developing
cells, but rather, the different developmental stages are arranged in a unified pattern,
with the spermatogonia and Sertoli cells at the basement membrane of the seminiferous
tubule and mature spermatozoa closest to the fiiUy open lumen (Lofts and Murton,
1973). The expanding tubules compress the imerstitial tissue into thin layers between
the tubules with the Leydig cells being found in triangular areas between the tubules
(Rohss and Silverin, 1983). Steroids produced by the active Leydig and Sertoli cells
(testosterone and estrogen, respectively) also induce seasonal changes in secondary sex
characteristics such as bill pigmentation and breeding plumage, and androgen
dependent behaviors such as nest building and defense o f breeding territories (Lofts fit
aL 1973; Murton and Westwood, 1977).
At the beginning of the refractory stage, the testes begin to decrease in size.
Within the seminiferous tubules, the development of mature sperm cells ends, and as
the tubules decrease in size, there is a deposition o f lipid droplets within the lumen. In
the intersthium, there is an increase in fibroblasts and the Leydig cells become smaller
in size because o f reduced activity. (Lofts and Murton, 1973; Rohss and Silverin,
1983).
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During the quiescent time of the year (when the bird is not breeding), the avian
testes are in a regressed state. Structurally, the seminiferous tubules are collapsed,
consisting o f only a single layer o f stem (type A) spermatogonia and Sertoli cells. In
this collapsed state, a lumen is not often seen because o f consequent compression of
the Sertoli cells into a confined area (for review see Lofts and Murton, 1973). In these
regressed testes, the interstitial tissues are proportionately larger than during the
breeding season, consisting mainly of fibroblasts and transitional cells, with few
scattered Leydig cells (Rohss and Silverin, 1983).

3. Endocrinology of photrefiractoriness.
In birds, the activities of breeding brood-rearing, molting and migrating are all
energetically conflicting functions that must occur at specific stages which do not
overlap (Dawson fit al , 1988; Murton and Westwood, 1977; Wingfield and Famer,
1993). Most passerines in temperate regions are seasonal breeders in which the onset
o f fertile reproduction is primarily tied to increases in photoperiod (responsiveness to
lengthening photoperiods is termed photosensitivity). O f equal importance, however,
are control mechanisms that have evolved to terminate the breeding period in a manner
in which individuals are no longer photosensitive. The breeding season, however, is
not simply proportional to photoperiod (i.e. the avian breeding season is not
symmetrically related to the summer solstice) (Dawson, 1991a). In species breeding in
higher latitudes, a symmetrical relationship would be inappropriate, as the nesting phase
must end in time for post-nuptual molt, fat deposition, and other preparations for fell
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migration. In temperate zone birds, therefore, the breeding season ends in time for
these other activities to occur. At this time the dayiengths are still long, and are equal
in length to those that were stimulatory in the spring. Termination o f breeding at this
time and the non-stimulatory eflfects o f long dayiengths on reproductive functions is
classified as photorefiactoriness. After the onset of photorefiactoriness in many birds,
including House Sparrows, an interveneing period of short photoperiods is required
before long photoperiods may again be stimulatory. Williams and associates (1987a,b;
1989) have stated that the priming effect o f short days on reproductive function is
similar to the prepubertal mechanisms that activiate reproductive function in juvenile
birds.
Little is known regarding pubertal hormonal changes in birds. Much of the
current understanding o f puberty is derived from studies o f mammals, especially sheep
and rats (for reviews see Foster, 1994; Ojeda and Urbanski, 1994). In these
prepubertal mammals, plasma GnRH, LH, and testosterone contentrations are low. In
addition, prepubertal rats and sheep are extremely sensitive to the negative feedback
effects o f the circulating androgens. At the onset of puberty, sensitivity o f the CNS
component o f the HPA axis to the effects o f the circulating steroids decreases and
consequently GnRH synthesis and release increases. As the amplitude and frequency of
the GnRH pulses increase, plasma levels o f LH and FSH increase, stimulating gonadal
ftmctions.
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Many pubertal changes in function of the HPA axis o f rats and sheep are
similar to physiologic changes observed at the onset o f the breeding season in
songbirds. When GnRH and LH levels were assayed in both House Sparrows and
European Starlings, these hormones were present in assayable concratratioos during
short day phases o f the year (Dawson & al , 1988). Negative steroid feedback and
non-stimulatory photoperiods prevented increases in gonadotropins such that the
gonads did not develop in these birds (Dawson and Goldsmith, 1983; Dawson sLal ,
1985a). Despite negative feedback inihibition from circulating androgens, circulating
gonadotropin levels in these species nearly doubled after exposure to long days
(Dawson 1985a; Dawson gt al., 1988; Mattocks fit al , 1976; McNaughton fit al ,

1995). The size and number o f identifiable ir-GnRH neurons in starlings and sparrows
also increased after erposure to long days, suggesting increased neuronal activity and
increased cellular concentrations o f GnRH that may be related to increases in the
synthesis and storage o f GnRH (Goldsmith fit al , 1989; Hahn and Ball, 1995).
Prolor%ed exposure to long days leads to photorefiactoriness (for reviews see
Ball 1993; Wingfield and Famer 1993). At this time, detectable number and the size of
ir-GnRH perikarya decreases (Foster fit al , 1987; Goldsmith fit al , 1989; Hahn and
Ball, 1995) and there is a ten-fr)ld reduction in assayable hypothalamic GnRH
concentrations (Dawson fit al , 1985a, 1988). This decrease in GnRH activity, in turn,
leads to decreases in plasma LH and FSH secretion resulting in gonadal regression
(Dawson and Goldsmith, 1983; McNaughton fit al , 1995). Although birds are not
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reproductively active during the refractory period, spermatogenesis and androgen
production may be induced without exposure to short days. This is clear because after
the onset of refractoriness, administration o f exogenous GnRH increased plasma LH
levels (McNaughton fit al-, 199S; Wingfield fit al-, 1979), and caused gonadal
recrudesence (Wingfield and Famer, 1993). These data indicate that the pituitary gland
does not become refractory to the effect of GnRH, and that the pituitary gland can
produce and release adequate amounts of gonadotropins to stimulate fertile
reproductive fimctions (Storey and NichoUs, 1983). Therefore, photorefiactoriness is
probably due to a mechanism that acts either directly or indirectly to inhibit synthesis
and release of hypothalamic GnRR
There is ample evidence that thyroid hormones are also required for the onset
o f both photosensitivity and photorefiactoriness. Thyroid hormones are required for
the maintainence (but not inititation) o f photosensitivity (for review see Dawson fit al.,
1988). Thyroid hormone has been shown to increase in American Tree Sparrows
{Spizelbi arborea) and European Starlings after the initiation o f long days coincident
with increases in GnRH (Boulakoud and Goldsmith, 1991; Reinert and VHlson, 1996).
Thyroidectomized photosensitive tree sparrows did not become reproductively
functional (i.e. no increase in GnRH synthesis/release or gonadal steroid production)
when transferred to long days (Dawson et al., 1988; WIson and Reinert, 1993).
European Starlii%s thyroidectomized during long days do not become
refractory and hypothalamic GnRH concentrations remain elevated (Dawson fit gl..
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1985a; Goldsmith and NichoUs, 1984b). When exogenous thyroid hormone was given
to starlings on long days, the birds became photorefiactory (Dawson fit fil., 1985b,
1988). Conversely, when photorefiactory starlings in long photoperiods were
thyroidectomized, Iqrpothalamic GnRH concentrations increased and fertile
reproductive functions resumed (Dawson fit aL. 1985b). However, exogenous
thyroxine feiled to cause testicular recrudesence in American Tree Sparrows
thyroidectomized during long-day periods and subsequently moved to short days
(WUson and Reinert, 1993). These birds also did not become photosensitive. Because
prolonged exposure to testosterone increased thyroid stimulating hormone (TSH)
levels in starlings (Dawson fit al., 1988), thyroid hormone may play a role in steroid
negative feedback effects on the HPA axis.
Changes in the hypothalamic stimulation o f the reproductive system may be
influenced by endogenous circadian rhythms. The circadian rhythms o f corticosterone
and prolactin vary with respect to photosensitivity and photorefiact-oriness in Whitecrowned Sparrows (Zonotrichia albicollis) (Meier fit al , 1971). Prolactin administered
12 hours after corticosterone induced testicular recrudesence (similar to breeding
condition), vdiereas prolactin injected every 4 hours induced gonadal regression and
premigratory fettening (similar to photorefiactoriness) (Meier and Martin, 1971).
Because glucocorticoids and prolactin stimulate serotonergic and dopaminergic
activity, respectively, the temporal synergism o f corticosterone and prolactin treatments
might be due to alterations in neural circadian interactions between serotonergic and
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dopaminergic pathways (Meier and Fivizzani, 1975; Meier and Russo, 1985; Sze st al ,
1976; Telegdy and Vermes, 1975; Wiesel stfll-, 1978).
Changes in biogenic amine activity has previously been shown to alter LH
activity, and therefore, presumably GnRH activity (for review see HoflSnan st al , 1992;
Silverman, 1994). The catecholamines (especially dopamine) exert a positive influence
on LH , whereas serotonin inhibited LH (Sakurai st al , 1986; Sharp 1983; Sharp st al ,
1989). Furthermore, the turnover rate for dopamine and norepinephrine is lower in
areas containing GnRH perikaiya in photore&actory birds compared to amine turnover
photosensitive or photostimulated birds ^datt st al , 1984). Conversely,
serotonergic activity and turnover is higher in these areas during the photorefiactory
period as compared to other times o f the year (Ball st al , 1987).
As stated previously, Meier and colleagues have hypothesized a temporal
synergistic relationship between circadian rhythms of dopaminergic and serotonergic
pathways (M iller and Meier, 1983a,b; for review see Meier and Russo, 1985). Because
neither exogenously administered serotonin nor dopamine cross the blood-brain barrier
(Shindo st ai , 1973), the neurotransmitter precursors 5-hydroxytrytophan (5-HTP) and
L-3,4-dihydro)qfphenylalanine (L-DOPA) were injected in similar temporal relation
ships as corticosterone and prolactin treatment regimes that produced photosensitivity
or photorefiactoriness (Bhatt, 1990; Chaturvedi and Bhatt, 1990; M iller and Meier,
1983a,b). Timed daily injections o f these precursors produced similar results to daily
injections o f the prolactin and corticosterone.
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Although reproductive activity may be stimulated by norepinephrine, the
effects o f L-DOPA injection (described above) do not seem to be due to increased
noradrenergic activity. When alpha-metlqriparatyrosine (alpha-MT, a potent inhibitor
of dopamine synthesis) and dihydroxyphenyisoine (DOPS, precursor to norepi
nephrine) were substituted for L-DOPA and injected in temporal relationships to 5HTP, no effect on testicular size or reproductive behaviors were seen (Nfiller and
Meier, 1983b).
Besides photoperiod manipulations and injections of exogenous hormones or
monoamine precursors, Meier and associates (for review see Meier and Russo, 1985)
have also shown that endogenous circadian rhythms may be altered through other
artifidal means. For example, the circadian rhythm o f lipogenesis in Holtzman Rats,
Syrian Hamsters, (Afesacricetus aurcaus\ Green Anoles (Anolis carolinensis), and
the Gulf Killifish (Funebilis grandis) may be altered through timed thermopulses or
handling stress (deSousa and Meier, I993a,b; Noeske and Meier, 1983; Waldrop and
Meier, 1985; Weld and Meier, 1983). When tryptophan (precursor to 5-HTP) was
fed to photorefiactory hamsters, the hamsters became sensitive to the effects o f short
days, and spontaneous abortions were induced in pregnant hamsters (Meier and
Wilson, 1983; Wilson and Meier, 1983). Conversely, DOPA feeding inhibited the
gonadal response o f Japanese Quail to short days and inhibited the onset of
photosensitivity (Bhatt, 1990; Wilson and Meier, unpublished data). Thus, alteration
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o f the seasonal reproductive response to exogenous monoamine precursors may not
be attributed solely to a response o f the injection intervals used in the aforementioned
experiment.
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CHAPTERS: THE ANNUAL REPRODUCTIVE CYCLE OF MALE
HOUSE SPARROWS IN LOUISIANA AS DETERMINED BY
SEASONAL DIFFERENCES IN TESTICULAR
WEIGHT AND HISTOLOGY

A INTRODUCTION
The House Sparrow’s abundance and wide distribution across the northern
hemisphere has &cflitated numerous studies related to normal initiation and
termination o f this species annual reproductive cycle. Most o f these studies
concentrate on the relationship between fluctuations in photoperiod in relation to
changing reproductive fimction. This relationship has been described in detail for
House Sparrows found at latitudes o f 34°N to approximately SS"K (Allender, 1936;
Davis and Davis, 1954; Kirschbaum and Ringoen, 1936; Threadgold, I960; for
review see Murton and Westwood, 1977).
Previous research done on birds at most o f the aforementioned latitudes has
shown that, in songbirds, the testicular size and volume rapidly increase starting in
winter, as dayiengths are increasing, with the testes reaching maximal size in May
(Allender, 1936; Gwinner, 1987; Hammer, 1966; Rohss and SQverin, 1983;
Threadgold, 1960). This increase in volume is primarily due to increases in the
diameter of the seminiferous tubules and spermatogenesis (Lofts and Nfiirton, 1973;
Rohss and SQverin, 1983) Conversely, after the onset o f the photorefiactoriness,
spermatogenesis ceases, the seminiferous tubules r%ress, and the interstitial area
accounts for a proportionally larger in volume o f the testes (Lofts and Murton, 1973;
29
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Rohss and Silverin, 1983). At far northern latitudes (43-55*^ this regression occurs
in August, whereas in more southern latitudes (35°N) this regression begins late in
June (Allender, 1936; Davis and Davis, 1954; Threadgold, 1960).
In this project, the testes o f male House Sparrows were collected to
characterize their changes in weight and histology during various months o f the year
in southeastern Louisiana. These endpoints were to be used as an indirect index o f
seasonal changes in fertile reproductive function and to help to identify the onset of
the photosensitive and photore&actory portions o f the reproductive cycle in House
Sparrows at this latitude.

B. METHODS AND MATERIALS
House Sparrows were mist-netted in 1993 and 1994 from resident flocks at
the Louisiana State University School o f Veterinary Medicine, in Baton Rouge,
Louisiana (30°N) . Male birds were housed in a large outdoor aviary under natural
photoperiod and temperature and maintained on ad libitum Purina Game Bird Chow
(grower diet 20% protein) and water.
Between the 10th and 20th o f each month, 8 birds were removed fix)m the
aviary and euthanized with 200 ul o f ketamine/xylazine (1:1) hgected intramuscular
(during August and September, only 5 birds were sacrificed due to dispersal o f the
population and difficulty in capture). After sacrifice, the bird was weighed, and the
paired testes removed and weighed on an analytical balance (Mettler AE240,
Highstown, New Jersey). The somatogonadal index (SG I) was calculated by dividing
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the weight o f the testes by the weight o f the bird. The means and standard errors were
calculated and compared using GLM procedures for one way Analysis o f Variance
(ANOVA) in SYSTAT 6.01 (Wilkinson and Hül, 1994).
After weighh% the testes were stored in 4% paraformaldehyde in 0. IM
phosphate buffer (pH-7.4) until further histological processir%. These tissues were
then dehydrated in a graded series o f ethanol baths (45 min. each step at 4°C) and
cleared in a series of three ?qflene baths (45 min. each step at 4°C). After clearing, the
testes were infiltrated with parafSn at 60°C. Following parafSn embedding, 6 um
sections were cut fi’om tissue blocks on a Sbarmon AS 325 microtome (Shaimon,
Pittsburgh, Pennsylvania). Sections were mourned on microscope slides. Standard
staining protocols for hematoxylin and eosin were used by the Louisiana State
University School of Veterinary Medicine Department o f Pathology. In this
procedure, hematoxylin was used as the primary stain, which stains all nuclei purple.
Eosin was used as a counterstain to stain tissue cytoplasm pink. An Olympus CH-2
microscope was then used to observe differences in the seminiferous tubules and
interstitial areas o f the testicular sections fi’om multiple points in the breeding season.
The analyzed sections were taken fix>m the widest portion o f the testes. The testicular
sections were all observed at similar magnifications (lOOX and 200X), and the
specific magnification is indicated on individual micrographs.
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C. RESULTS
In southeastern Louisiana, House Sparrows have a distinct reproductive cycle
based on the indirect endpoints measured in this study (Figure 2). There was no
significant linear relationship between body and testes weight (F=1.03, O F=l, 10,
P=0.334). Based on SGI, the breeding cycle may be divided into three distinct
periods: an inactive period (September to February), an active stimulated period
(February to M y), and a refi^ctory period (M y to September). From September to
February, the testes were fully r^ressed with no significant testicular weight
differences (F=l .45, DF=3,18, P>0.05) (Table 2). From January to March, both body
and testicular weight increased, and significant increases (F -5.31, DF=2,13, P<0.05)
in the SGI occured. The SGI peak in April and May was indicative o f the peak in
reproductive activity. During these months, mean body weight also significantly
(F=7.04, DF=1,1S, P<0.05) decreased while no difference was calculated in testes
weight (F=2.76, DF=1,15, P>0.05) (Table 2). In September, the testes regressed to
their pre-reproductively active weight.
In April, when the SGI was high, most of the apparent cross-sectional area of
the testes included were tissues associated with the seminiferous tubules (Figure 3a
and 3b). Cells in most stages o f spermatogenesis were seen in layers within the
tubules. Mature sperm were seen towards the center of the tubule with tails extending
into the lumen. Spermatids were seen more toward the outer areas o f the
seminiferous tubules at different stages of spermatogenesis. At the margins o f the
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Figure 2. The annual reproductive cycle o f House Sparrows based on the somato
gonadal index (paired gonadal weight divided by body weight, means ±
SEM). Five birds were collected in August and September, eight birds
were collected in all other months. (a,b,c,d; data points with different
letters were significantly different using ANOVA, P<O.OS).
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Table 2. Mean Monthly Dififerences in Body and Testicular Mass (grams) in House
Sparrows.

Month

Body

(SEM)

Testes

(SEM)

January

z s .iy

1.46

0.003"

0.002

February

30.50"

0.97

0.006*

0.003

March

31.10"

2.16

0.112"

0.071

April

26.61"*

1.90

0.379'

0.138

May

20.00'

1.14

0.270'

0.172

June

20.61'

2.56

0.162'

0.085

July

23.60"-'

1.55

0.130"-'

0.147

August

25.99"*

1.64

0.162"-'

0.237

September

25.03"-"

0.85

0.005"

0.004

October

24.60*

0.75

0.006"

0.002

November

26.57"

0.23

0.004"

0.002

December

26.32"

0.35

0.005"

0.003

Statistical dififerences analyzed with one-way ANOVA; a, b, c; means with dififerent
superscripts within a column were significantly dififerent P<0.05.
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Figure 3a. Representative photomicrograph o f transverse section o f testicular tissue
from House Sparrows (if=8) sacrificed in April. Note the stratification
o f the germinal epithelium (GE) and fluid fiUed lumens (L) (Bar=0.2mm).
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Figure 3b. Representative magnified photomicrograph of transverse section
of testicular tissue fi-om House Sparrows (n=8) sacrificed in April. Note
the presence of multiple germ cell types within the stratified germinal
epithelium (GE) indicative o f fertile reproduction (Sc= spermatocyte,
Sg=spermatogonia, Sn^sperm, S=sertoli cell, Bar=0.1mm).
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tubules, there were several layers of spermatogonia, primary spermatocytes and
associated Sertoli cells. The interstitial areas between the tubules appeared to be
highly compressed and it included areolar connective tissue, capillaries, lymph
spaces, and Leydig cells.
In late August, although the tubules appeared similar in size to those observed
in April tissues, there were no apparent lumens and the core o f the tubules appeared
to be filled with lipids and scattered cells with pyknotic nuclei (Figure 4a and 4b).
There were no visible late spermatids present. The stratified germ layer at the margin
of the tubule also did not appear to be as thick as that seen in April, and consisted
primarily of spermatogonia and Sertoli cells. The interstitial area still appeared to be
compressed. However, at this time, the interstitial area was darkly stained,
presumably due to the presence of melanoblasts.
In tissues collected September, the seminiferous tubules appeared smaller
compared to those o f April and August, without the presence of a lumen (Figure Sa
and 5b), luminal areas appeared to be primarily filled with lipid and scattered cells
with pyknotic nuclei. There were few germ cells present those without pyknotic
nuclei fiarmed a relatively thin layer adjacent to the basement membrane o f the
seminiferous tubules. Compared with the spermatigenetically active testes collected
in April, interstitial areas in the testes collected in September were comprised mostly
of fibroblastic tissue.
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Figure 4a. Representative photomicrograph of testicular tissue from House Sparrows
(n=S) sacrificed in August. The lack of stratification o f the germinal
epithelium (GE) and the accumulation o f lipids and cellular breakdown
products is indicative o f photorefractoriness (Bar=0.2mm).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

39

Figure 4b. Representative magnified photomicrograph of transverse section of
testicular tissue fi'om House Sparrows (n=5) sacrificed in August. Note
the absence o f stratified germinal epithelium (GE), the accumulation of
presumptive lipid materials and cellular breakdown products in the residual
lumen, and germ cells with pyknotic nuclei (OP) (L=Leydig cell, Sg=
spermatogonia, S=sertoli cell, Bar=0.1mm).
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Figure 5a. Representative photomicrograph o f transverse section of testicular tissue
from House Sparrows (m=5) sacrificed in September. Note the
proportional decrease in the size o f the seminiferous tubules (St) with
respect to the proportional increase in the amount o f the interstitial area
(I) and thickness o f the tunica albuginea (TA ) (Bar=0.2mm)
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Figure 5b. Representative magnified photomicrograph of transverse sections of
semini&rous tubules fi'om House Sparrows (n=5) sacrificed in September.
The absence of stratified germinal epithelium (GE) and the presence of
degenerating cells with pyknotic nuclei (OP) is consistent with
photorefiactoriness (B Û ^ . 1mm).
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Testes collected in January were similar in weight to those in September,
however, histological characteristics of the January tissues were indicative o f the
beginning of the reproductive cycle (figure 6a and 6b). At this time, the seminiferous
tubules appeared intermediate in size to those o f September and April, with
concomitant compression o f the interstitial area. The tubules appeared more
organized, with the Sertoli cells and spermatogonia lining the perimeter o f the
tubule and more mature gametes in areas closer to lumen. Late spermatids and the
lumenal compartment were not obvious at this time.

D. DISCUSSION
Endpoints in this study collectively indicate that the testes were regressed
from September to December with no apparent spermatogenetic activity. During this
time, there was little change body or testicular weights. House Sparrows and other
passerines in more northern latitudes (>3S°N) have also been reported to be
reproductively inactive during these months (Allmder, 1936; Davis and Davis, 19S4;
Hamner, 1966; Kirschbaum and Ringoen, 1936; Mattocks et al., 1976; Murton and
Westwood, 1977; Rohss and Silverin, 1983; Threadgold, 1960). After this period,
there was a period from February to April o f testicular recrudesence. During this
period House Sparrows, like other passerines, are sensitive to increasing day lengths,
which are reproductively stimulatory at this time o f the year (B all 1993; Bhat and
M ahl 1989; Kirschbaum and Ringoen; 1936; Murton and Westwood, 1977).
Increasing photoperiods also indirectly stimulate various behaviors associated with
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Figure 6a. Representative photomicrograph o f transverse section o f seminiferous
tubules from testicular tissue collected from House Sparrows ( ip =8) in
January. The proportional decrease in the size o f the interstitial area (I)
and increase in the relative amount o f germinal epithelium (GE) is
indicative o f the beginning the avian breeding season (Bar=0.2mm).
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Figure 6b. Representative magnified photomicrograph o f seminiferous tubules fi-om
House Sparrow testes collected in January. Germ cells in the later stages
of spermatogenesis were not observed at this time (Sc=spermatocyte, Sg=
spermatogonia, S=sertoli cell, Bar=0.1mm).
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avian reproduction O ^gfield and Famer, 1993). During these months. House
Sparrows were observed to show both territoriality and predictability in terms o f nest
location and other resources (Will, 1973; Meseke, unpublished observations). Birds
did not appear to congregate in flocks, but rather flsraged alone or in pairs. In this
project, the decrease in body weights in April and May may be related to an increase
in energy consumption associated with multiple clutches, possibly combined with
chai%ii% environmental conditions that effected feed intdce (Lofts and Murton, 1973;
Lowther, 1983; Lowther and Cink, 1992; Wngfleld and Famer, 1993).
House Sparrows in Pasadena, California (34°N) and Norman, Oklahoma
(35°N) showed a slight decrease in testes volume in June (Davis and Davis, 1954;
Threadgold, 1960) whereas testes in birds found in more northern latitudes (>43°N)
did not begin to decrease in size until July to August (Threadgold, 1960). Testes
weights also apparently decreased at this time in this project, although this difference
was not significant The timing of the b^inning o f the refiactory period may not only
be latitude dependent, but also species dependent. In more northern latitudes, the
White-crowned Sparrow {Zonatrickia leucophrys gambellt), the Golden-crowned
Sparrow (Ztm otrichia atricapilla), and the Great Tit {Parus m ajor) all showed a
decrease in plasma LH in June (Mattocks et al., 1976; Rohss and Silverin, 1983).
However, as these species are migratory, the timing o f the cessation of reproduction
may be related to the neccessaiy preparations for autumnal migration (Dawson et al.,
1988; Murton and Westwood, 1977; Wingfield and Famer, 1993).
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Testes weights o f the House Sparrows used in this study decreased from
August to September, the period when House Sparrows become photorefractory
(Mender, 1936; Davis and Davis, 19S4; Hahn and Ball, 1995; Threadgold, 1960).
This was also when testes weights varied most; whether the latter variation represents
a wide range in individual timing o f refractoriness or a combination o f adult-refractory
males and immature non-breeding males in the sample group is unknowiL These two
age-groups of birds could not be distinguished at this time o f the year because no
difrerences in secondary sex characters such as badge plumage was observed.
Although previous researchers have shown secondary sex characteristics to be
directly correlated to circulatir% androgens and gonadotropins, and these character
istics have been used as indicators of an individual bird’s reproductive status (Lofts et
al., 1973), no differences were observed in the present study populatiotL Thus, it is
unknown if the birds sampled in August were adults, subadults, or a combination.
During the photorefiactory period. House Sparrows in Louisiana were more
dispersed and therefore more difficult to capture. During most months, 8 birds were
sampled; however, in August and September only 5 birds were captured. Although
Eurasian populations o f House Sparrows are migratory (Summers-Smith, 1954,1963)
and they do not migrate in North America, previous researchers have reported
characteristic flock movements after the breeding season (Lowther, 1983; Mhchell et
al., 1973; North, 1973; Will, 1973). Because this dispersal is local (North, 1973,
WiU, 1973), and not long-range (Gill, 1990), it cannot be defined as migration from
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one latitude to another. The late summer dispersal o f these birds is probably due to
breakdown of breeding territories and the relatively large numbers o fjuvenile birds
within the population (Lowther, 1983; Mhchell et al., 1973; North, 1973; Will, 1973).
The birds moved in large unorganized flocks, with no obvious range or territorial
boundries (personal observation).
Threadgold (1960) reported a bimodal reproductive cycle in House Sparrows
at various latitudes, whereas the sparrow’s reproductive season in the present report
appears to be unimodal. Hamner (1966) used the same graphical approach as
Threadgold (1960) to report data on seasonal changes in testes volume in House
Finches (Carpodacus mexicanus). Many data reported by Threadgold (1960) were
actually a re-interpretation o f the House Sparrow data of AUender (1936), Davis and
Davis (19S4), and Kirschbaum and Ringoen (1936). In these papers, birds were
reported to exhibh a unimodal reproductive pattern, but yet, like Threadgold, these
authors plotted individual data points and did not present error bars o f any type.
Comparison of breeding seasons o f House Sparrows based on the testes weights from
this project to testes volume from the previous research is diflScult due to the
unknown amount of statistical variation in previous data sets.
In this study, testicular histology was used as an indicator o f reproductive
status and could be related to the previously described changes in testicular weight.
The increase in testicular size, indicates increases in pituitary gonadotropin release as
has been documented by other authors (Rohss and Silverin, 1983; for review see Van
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Teinhoven, 1983). Gonadotropins act on both the Sertoli cells which respond
primarily to FSH, and Leydig cells whose functions are largely controlled by LH. The
responses o f these cells result in increased gonadal steroid and peptide product-ion
and release, which initiate and maintain maximal rates o f spermatogenesis. Gonadal
androgens also maintain secondary sex characters (such as plumage and bill
coloration) and reproductive behaviors. Histology o f the cells in the seminiferoous
tubules and Leydig cells in interstitial areas, therefore, can be used as an index of
gonadotropin activity (Lofts and Murton, 1973; Murton and Westwood, 1977; Rohss
and Silverin, 1983).
Although there was an apparent increase in the interstitial tissue area during
the presumptive refractory period (with a decrease in area o f the semini&rous
tubules), there is a corresponding decrease in numbers o f Leydig cells (Lam and
Famer, 1976; Rohss and Silverin, 1983). This decrease in Leydig cells corresponded
to decreased plasma GnRH and LH, as well as reductions in steroidogenic and
spermatogenic activities o f the reproductive tract (Gamier et al., 1973; Lam and
Famer, 1976; Lofts and Murton, 1973; Rohss and Silverin, 1983; for reviews see
Murton and Westwood, 1977; Wingfield and Famer, 1993). These changes in
testicular histology, and reported decreases in hormone levels, have been
postulated to be related to with changes in GnRH activity (Foster ekal-, 1987;
Goldsmith at al-, 1989; Hahn and Ball, 1995).
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E. SUMM ARY
In this project, annual changes in testicular histology, weight o f the testes, and
the SGI o f House Sparrows in Baton Rouge, Louisiana were quantified and
compared with data reported for this species from more northern latitudes fiom other
researchers. Although the breeding season commenced approximately a month earlier
as compared to previously described, more northern latitudes, the termination o f
fertile reproduction approximated dates reported for the more northern latitudes. In
Baton Rouge, results suggest that the reproductive cycle commenced in February and
March with a rapid increase in testes weight and the SGI index. From April to
August, the testes were at their maximal weight. Hstological indices, such as
stratification of the germinal epithelium and relative amounts o f interstitial tissues
associated with the seminiferous tubules, indicated a decrease in spermatogenic
activity preceeds the decrease in testicular weights. Based on decreased SGI and
testicular weight as well as histological examination, the birds appeared to become
photorefinctory in August, and by September the testes had folly regressed to their
pre-reproductively active weight, with no active spermatogenesis, and an increased
amount of apparent interstitial area. Testes weights remained regressed and
spermatogenic activity, as based on histological examination, remained quiesent until
January.
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CHAPTER 4: SEASONAL DIFFERENCES IN THE MORPHOLOGY AND
DETECTABLE NUMBERS OF GONADOTROPINRELEASING HORMONE I NEURONS IN MALE
HOUSE SPARROWS {PASSERDOMESTICUS)
A. INTRODUCTION
Although the endocrinology o f avian reproduction has been widely studied,
the neuroendocrine control mechanisms responsible for seasonal reproductive cycles
remain elusive. Based on current literature, lengthening photoperiods affect avian
seasonal reproduction by modifying the activity o f cellular photoreceptors which
entrain one or more circadian clocks and neural pathways that stimulate the synthesis
and release o f GnRH (FoUett, 1984; Foster fit al , 1987). These systems interact with
peripheral endocrine glands including the adenohypophysis and gonads, such that
increasing daylengths stimulate the production and release o f GnRH, which in turn
stimulate the release of the pituitary gonadotropins, LH and FSH. The gonadotropins
stimulate hormone and sperm production from the testes. However, birds eventually
become refractory to these stimulatory photoperiods, and the gonads regress. Only
after an intervening period of short day exposure will reproductive function be re
initiated by an increase in the number o f daylight hours (for reviews see Ball, 1993;
Van Tienhoven, 1983).
Using immunocytochemistry, GnRH neurons have been found in the preoptic
area (POA), septum, and medial basal hypothalamus (MBH) o f songbirds (Foster fit

al , 1987; Goldsmith fit al-, 1989; Hahn and Ball, 1995; Meseke, 1997; Meseke fit al-,
50
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1993; Silver fit al , 1992). Previous research bas shown that number and size of
immunoreactive-(ir*)GtiRH neurons and plasma GnRH concentrations increased when
birds were transferred from short to long days and increased GnRH was correlated
with increased plasma LH and FSH (Dawson and Goldsmith, 1983, 1984; Dawson fit

al , 1985a; Foster fit al , 1987; 1988; Goldsmith fit al-, 1989; Hahn and Ball, 1995;
McNaughton fit al , 1995). After prolonged exposure to long photoperiods, number
and size o f ir-GnRH neurons decreased, along with plasma LH and FSH
In rats, primates, and sheep, more synapses on GnRH neurons exist during the
period o f fertile seasonal reproductive cycles compared to anovulatory (anestrous)
periods (Karsch, fit al , 1987; Lehman, fit al , 1986; Naftolin fit al , 1996; Whkin,
1996; Witldn fit al , 1991). Recently, Xiong and associates (1997) demonstrated a
seasonal difference in both ultrastructure and synaptic inputs o f GnRH neurons in the
ewe preoptic area in both intact and ovariectomized/estradiol replaced animals, and
stated that these differences are not due to altered steroid levels, but may reflect
changes in photoperiod and/or the expression o f an endogenous circannual rhythm.
Although seasonal changes in synaptic plasticity and the relationship between neurons
and glial cells may parallel changes in circulating levels o f gonadal steroids, other
unidentified gonadal Actors may also be involved in coordinating structural changes
in the brain (Whkin a al., 1991). Specific effects o f various steroids may also be
species-dependent, sex-dependent, and site-dependent within the brain (GarciaSegura, fit al-, 1994; Naftolin fit a l , 1990; Toran-AUerand, 1976; Whkin fit a l , 1991).
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Addhionaiiy, circulating steroid levels modulate astrocyte morpboio^, which may in
turn afifect the level o f ÿial ensheathment o f GnRH neurites and nerve terminals.
Although the effect o f glial ensheathment on synaptic connectivity with GnRH
neurons is unknown, decreases in glial ensheath-ment has been shown be be involved
in increased connectivity between oxytocin and GAB A neurons (Theodosis and
Poulain, 1993). Steroids also modulate the expression o f specific astroglia
cytoskeletal markers glial fibrillary protein and transforming growth Actor-alpba in
the hypothalamus, both o f which seem to parallel the regulation and expression o f
GnRH (Chowen et al., 1996; Ojeda, 1994). Within the MBH, astroglia release
insulin-like growth 6ctor which may also affect GnRH secretion (Duenas a gl.,
1994). Whether the same changes in neuronal communication occur in birds relative
to their breeding season is not known.
In this chapter, the morphology o f ir-GnRH perikarya within the
diencephalon of House Sparrows was examined before the onset of fi^ e
reproduction (January), in the middle of the breeding season (June), and after the
onset o f photofinctoriness (September). From this data, the morphology and numbers
of ir-GnRH neurons were compared to the seasonal changes in testicular structure,
SGI, and testicular weights (Chapter 3).

B. METHODS AND MATERIALS
House Sparrows were mist-netted in June o f 1993 and in January and
September o f 1994 fiom resident flocks at the Louisiana State University School o f
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Veterinary Medicine, in Baton Rouge, Louisiana. Male birds were housed in a large
outdoor aviary under natural photoperiod and temperature, and maintained on ad
libitum Purina Game Bird Chow (grower diet 20% protein) and water. Birds were
housed a minimum of 5 weeks prior to sacrifice to allow the birds to acclimate to the
aviary conditions.

I. Animal treatment, sacrifice, and tissue (nation.
Birds (n=6 per group) were anesthetized with intramuscular (IM ) injections of
25 ul ofketamine:)qflazine mixed 1:1 (25 ug/gm ketamine, 5 ug/gm ^qrlazine). While
anesthetized, 15 ug colchicine in 3 ul 0.9% NaCl was injected into either the cistema
magna or the left cerebral hemisphere. Previous research has shown that colchicine
administration prior to histological processing o f brain tissue disrupts microtubuledependent cell transport and allows for immunocytochemical staining o f neurons that
would not normally be detected (Melrose and Knigge, 1988). After 24 hours, the
birds were euthanized with 200 ul IM injection o f ketaminerxylazine mixed 1:1 (25
ug/mg ketamine, 5 ug/gm j^lazine). The birds were then perfused intracardially with
150 ml heparinized saline (10 Units/ml), followed by 150 ml 4% paraformaldel^de in
0. IM phosphate buffer (pH 7.4). Tissues were considered to be sufiSciently fixed
when dear fixative flowed fi’om the right ventricle and the liver was palpably chilled
and hardened. After pofiision, the brains were carefully removed fi’om the skull,
embedded in 10% gelatin, and post-fixed by immersion for 24 hours. The brains were
rinsed with, and subsequently stored in, 0. IM phosphate buffered saline.
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2. Lnmunocytocheiiiistiy (ICC).
Brains were removed from the storage buffer and cut sagitally into
approximately equal halves. Parallel cuts were made perpendicular to the midline so
that each brain segment was approximately I cm thick. This was done so that the
blocks o f tissue would fit into the Vibratome for sectioning. These tissues were then
afixed with Superglue (Loctite North America, Rocky HU, Conneticut) to Icm^ metal
blocks for further sectioning. Fifty um transverse sections were cut firom these
tissues on a Vibratome (Ted PeUa, Inc. Redding, CA.). Serial sections were placed
consecutively into four petri dishes that contained 0.1 M phosphate buffer (pH=7.4).
Every fourth section was stained with cresyl violet for identification o f nuclear
groups. The remaining sections were processed for immunocytochemistry (ICC).
These free-floating sections were gently agitated on an orbital shaker throughout aU
processing steps. InitiaUy they were washed three times (10 minutes each) in 0. IM
phosphate buffer containing 0 .1% (v/v) Triton X-IOO (Tx, Sigma Chemical Co., St.
Louis, Nfissouri) and then for one hour in 3% (v/v) hydrogen peroxide to reduce
endogenous peroxidase activity. After washing again in phosphate bufifer, the tissues
were incubated with a specific rabbit polyclonal antibody (LR-1, a gift from R.
Benoit, Montreal, Canada) directed against the amino acid sequence in the amine
terminus o f GnRH and the proteolytic processus site for cleavage o f GnRH and the
prohormone. The primary antibody was diluted at 1:40,000 in 0. IM phosphate buffer
with 1% (w/v) bovine serum albumin (BSA, fraction V, Sigma Chemical Co.) and
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0.3% (v/v) Tx. Sections were incubated with diluted primary antibody fo r 72 hours at
4°C. The tissues were then washed thrice in 0. IM phosphate buffer with 0.1% Tx
and then incubated for 24 hours at 4°C with biotinylated goat anti-rabbit IgG
(50ul/5mi bufifer. Vector Laboratories, Burlingame, California). Sections were then
washed once with 0. IM phosphate bufifer and twice with saline. They were
subsequently treated for 20 minutes at room temperature with an avidin-biotin
peroxidase complex (200ul/5ml), as per instructions provided by the supplier
(Vectastain Elite ABC K it, #P K -6l0l, Vector Laboratories). The latter complet
binds to biotinylated goat anti-rabbit IgG because o f the high binding afiSnity o f avidin
for biotitL Three',3-diaminobenzidine (DAB, 3.75mg/5ml saline) (Sigma Chemical
Co.) and 0.03% hydrogen peroxide were used to visualize the immunocytochemically
bound peroxidase complex. The reactions were car^Wly monhered under a dis
secting microscope. When brown perikarya or fibers were visible, the reactions
were stopped by washing the sections repeatedly with saline. Stained sections were
rinsed with saline, mounted on glass slides, and coverslipped for image analysis.

3. Optimization of antibody titers.
Optimal antibody titers were determined in preliminary studies (data not
shown). Althou^ the recommended dilution fiar the LR -l antibody for mammalian
fi^ee floating tissues was I; 10,000 (R. Benoit, personal communication), previous
researchers using this antibody have used it at more dilute concentrations (Silver g
al-, 1992). In preliminary studies, selected alternate sections were placed in five
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dishes. Sections were processed for immunocytochemistry as specified above, with
each dish receiving a different dilution o f the primary antibody (and one control dish
receiving no antibody). A dissecting microscope was used to determine that each dish
contained at least five sections fiom the POA, M BH, and the forebrain. Optimal
antibody concentrations were determined based on the following observations: for the
LR -l antibody, a concentration of 1:20,000 produced non-specific background
staining, 1:40,000 produced both perikarya and fiber staining, while 1:80,000
produced only fiber staining. The 1:160,000 concentration produced no visible
staining.

4. Specificity of primary antisera.
Preliminary tests were also done to test the specificity of the LR -l antibody
for staining GnRH in House Sparrow brains. Selected alternate sections were used as
ir-chicken(c)GnRH I and D controls by incubatir% these sections with primary LR -l
antibody solution (1:40,000) preabsorbed for 72 hours at 4 T with 4 ug/ml synthetic
avian [Glu']-GnRH (cGnRH I,; L 0637, Sigma Chemical Co.) or 4 ug/ml synthetic
avian [His',Tip^Try']-GnRH (cGnRH II; 7214, Penisula Laboratories, Inc. Belmont,
California). A dissecting microscope was used to ensure that each dish contained at
least 5 sections fiom the POA, MBH, and the hindbrain. Afier incubating sections
with the preabsorbed primary antibody for 72 hours at 4 X , the tissues were
processed for ICC with the secondary biotinylated antibody and avidin-biotin
peroxidase complex, as described above. These sections were then incubated with the
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DAB chroinagen in the presence o f hydrogen peroxide to detect bound peroxidase
complet. Sections were then mounted on glass microscope slides for analysis.
Sections from the sparrow ford)rain (approximately 500 um anterior to the anterior
border o f the preoptic area) were also used as contemporary GnRH controls because
these compounds have not been found in this brain area from any vertebrates. No irstaining was observed in the tested forebrain tissues. In the tissues in which the LR -l
antibody had been pre-absorbed with either the synthetic cGnRH I or II peptides, no
evidence o f the immunoreactive product was observed. These results indicate that the
LR -l antibody bad bound to the synthetic peptide, previous to its addition to the
tissue in the ICC reaction and that the L R -l antibody specifically binds to both
peptide forms.

S. Image analysis.
A Bioquant System IV image analyzer (R & H Biometrics, Nashville,
Tennessee) connected to an IBM X T computer and an Olympus BH-2 light
microscope was used to count morphological subsets of GnRH neurons in various
areas o f the sparrow hypothalamus. Immunoreactive-GnRH neurons were classified
as unipolar, bipolar, and multipolar based on number of neurites and shape o f cell
bodies. Unipolar neurons were classified as those cells with a single process
extending frx>m a relatively smooth round or oval perikarya. Bipolar cells were those
with typically two distinct opposed neurites. Multipolar cells were those with an
irregular, triangular perikaryon with three or more neurites. Based on the orientation
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of the neuron within the cut tissue or the field of view, perikarya were occasionally
seen that superficially appeared unipolar or bipolar but were classified as bipolar or
multipolar, respectively. These final classifications were based on the presence of
irregularities on the surface o f the cell body, which were interpreted to be neurites
severed during the sectioning or fibers outside the layer (approximately 10 um) of
tissue that stains immunocytochemically when these methods are used (Melrose a al.,
1994). Data were analyzed by the General Linear Models (@LM) procedures of
SYSTAT ver. 6.01 (Wilkinson and Hill, 1994; Wilkinson fit al , 1996). These
statistical analyses were performed to determine if significant differences in the
prevalence of the various morphological subsets o f GnRH neurons exist in the avian
brain.
In the House Sparrow brain, GnRH perikarya have not been finmd in discrete
hypothalamic nuclei, but rather in a poorly defined rostrocaudal continuum that
includes three areas of the basal forebrain (Hahn and Ball, 1995; Meseke, 1997). In
mammals, GnRH neurons in different areas of the hypothalamus may dififer with
respect to synaptic connectivity, morphological plasticity, and metabolic activity
(Melrose fit al., 1994; Witldn fit al , 1991; for review see HoflSnan fit al , 1993).
Therefisre, it was o f interest to statistically analyze the distribution o f morphological
subtypes of GnRH neurons in House Sparrows. For this analysis, the
immunocytochemically stained sections were arranged in rostrocaudal sequence. The
morphological subgroups of immunoreactive-GnRH perikarya were then counted
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within three areas: the POA, septum, and M BR The POA included areas o f the basal
forebrain dorsal to the optic chiasm, including the fosciculus diagonalis Brocae and
the nucleus preopticus paraventricularis magnocellularis. Those perikarya considered
to be within the septum were associated with the nucleus septalis lateralis, the nucleus
septalis medialis, and in areas dorsal to the commissure anterior. The MBH was
defined as the area betwemi the ventral surfoce of the anterior commisure extending
caudally to the median eminence, and laterally to the nucleus lateralis hypothalami.
These data were analyzed by GLM in SYSTAT ver. 6.01 to determine whether there
were regional differences in the prevalence of morphological subsets or regional
differences in the percentages o f the total number ofir-perikarya within an area.
At each of the three months, the diameters o f GnRH perikarya (5 to 10 cell
bodies fiom each area at each time point) were measured (in triplicate) at the widest
point perpendicular to the presumptive axon. Two-way analysis o f variance in
SYSTAT was used to evaluate seasonal and regional differences in size o f the
perikarya.

C. RESULTS
Although the gross distribution of GnRH perikarya fiom birds sacrificed in
January and June was similar to distributions previously reported for this species
(Hahn and Ball, 1995; Meseke fit al , 1993; Meseke, 1997), there were differences in
density of reaction product staining in ir-perikarya at these two time points (Figures
7-8). The number (mean ± SEM) o f ir-neurons counted in June (214.00 ± 7.50) was
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Figure 7. Representative photomicrograph o f ir-GnRH perikaiya (arrows) and fibers
in the anterior preoptic area of House Sparrows (ir=6) sacrificed in June.
(CO=optic chiasm, POA=preoptic area, vin==third venticle, Bar=0.2 mm).
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Figure 8. Representative photomicrograph o f ir-GnRH perikaiya (arrows) and fibers
in the anterior preoptic area o f House Sparrows (n=6) sacrificed in January.
(CO=optic chiasm, POA=preoptic area, PR=preoptic recess, vIII=third
ventricle, Bar=0.2 mm).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

62
significantly (F=65.971, DF=1,5, P<0.001) greater than that counted in January
(37.66 ± 14.57). Interestingly, in September, no ir-perikarya were seen and only a
few scattered ir-fibers were found in the POA (Figure 9).
The largest proportion (mean ± SEM) of ir-perikarya were found in the
preoptic area in both June (57.53 ± 3.05%) and January (74.53 ± 7.49%) (F=20.366
D F=I,4 P<0.05 and F=8.905 D F=I,7 P<0.05 respectively) (Figures 10-11). In June,
26.71 ± 3.71% o f the ir-perikarya were in septal areas and only 15.52 ± 2.91% were
in the MBH (Figure 10). In January, only 1.85 ± 1.23% of the total number o f cells
counted were in septal areas whereas 23.66 ± 3.60% were in the MBH (Figure 11).
The prevalence of specific morphological subsets difièred for samples
collected in different months. In June, 58.93 ± 0.57% o f all cells counted were
multipolar and the remaining 41.14 + 0.68% were bipolar; no unipolar cells were seen
(Figure 10). During January, significantly more cells were bipolar (58.81 + 1.38%) as
compared to multipolar (20.82 ± 1.61%) or unipolar (20.43 ± 1.93%) neurons
(F=5.355 DF=1,20 P<0.05) (Figure 11).
Diameter of ir-perikaya was compared between the January and June tissues.
Diameter o f multipolar perikarya in both the POA and MBH was greater for samples
collected in June than multipolar neurons stained in January (F=4.90, DF-1,18,
P<0.05 and F=5.569 DF=1,13 P<0.05 respectively) (Table 3). There were, however,
no significant difkrmces, in diameter o f bipolar neurons within these areas for
samples collected at these time points (MBH: F=1.181 DF=1,15 P>0.05; POA:
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Figure 9. Representative photomicrograph of the preoptic area for House Sparrows
(n=6) sacrificed in September. Note the absence o f ir-GnRH perikaiya and
fibers. (CO=optic chiasm, POA=preoptic area, vHI=third ventricle, Bar=0.2
mm).
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Figure 10. Mean (± SEM) distribution o f morphological subtypes of GnRH neurons
in House Sparrow brains collected in June. Values were calculated
based on dividing the number of cells in an area by the total number o f irGnRH neurons within each bird. Hatched bars correspond to percentages
for bipolar neurons and crosshatched bars indicate percentages for
multipolar neurons. No unipolar neurons were seen. (a,b,c,d; letters
indicate significant differences P<O.OS)
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Figure 11. Mean (± SEM ) distributioa o f morphological subtypes o f GnRH neurons
in House Sparrow brains collected in January. Values were calculated
based on dividing the number of cells in an area by the total number of irGnRH neurons within each bird. Crosshatched bars correspond to
percentages for unipolar neurons, hatched bars summerize data for bipolar
neurons, and stippled bars correspond to percentages for multipolar
neurons. No unipolar neurons were found in the septum. (a,b,c; letters
indicate that the means for a cell type were signifirântly différent for
various areas of the brain P<0.05)
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Table 3. Diameter o f GnRH Morphological Subtypes in House Sparrow
Hypothalamii Collected in June and January.

Month

June

January

n

Area o f Brain

SEM

Morphology

Mean
Diameter (um)

6.170

0.303

7.096*

0.284

6.408

0.236

10

MBH

Bipolar

10

MBH

Multipolar

10

Preoptic

10

Preoptic

Multipolar

7.506”

0.375

10

Septum

Bipolar

4.917

0.258

10

Septum

Multipolar

6.453

0.367

10

MBH

Bipolar

6.916

0.208

5

MBH

Multipolar

5.794*

0.368

6

MBH

Unipolar

7.597

0.407

10

Preoptic

Bipolar

5.906

0.304

10

Preoptic

Multipolar

6.144”

0.221

10

Preoptic

Unipolar

0

Septum

Bipolar

6.165
*

0.219
*

0

Septum

Multipolar

*

*

0

Septum

Unipolar

*

*

Bipolar

* Less than three GnRH neurons were observed in the septum at this time point,
therefore no cells were measured in the septum. Data were evaluated to determine
whether size of distinct morphological subsets were effected by their specific
location within distinct areas of the CNS. a,b; means with similar superscripts
were significantly different at P<0.05.
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F=0-698 DF=1,I8 P>0.05). As only 1.85% ir*GnRH perikarya stained in January
samples were found in the septum, cell bodies were too few for accurate statistical
analysis.
Coincident with the processing o f the ir-GnRH tissues, catecholaminergic cells
were localized by staining for the rate limiting enzymes tyrosine hydroxylase (TH),
dopamine B-hydroxylase (DBH), and phenylethanolamine N-methyhransferase
(PNMT) (Meseke, 1997). There were no apparent differences in the processing o f
these tissues at the various time points. The number o f TH perikarya in the AlSv
catecholamine cell group (see Meseke, 1997 for anatomical description) were
compared for tissues collected in January and June, with no significant difference
detected (F~1.368, DF=1,7, P>0.05). This posthoc analysis was done as an internal
control to ensure that the ICC differences in ir-GnRH staining were not due to
unknown variables that may have effected ir-GnRH numbers or staining.

D. DISCUSSION
The distribution o f ir-GnRH perikaiya in the hypothalamus of the House
Sparrows included in this study was similar to that described in other birds, including
Great Tits (Parus mqfor), Rir% Doves (Streptcpelia roseogrisea), European Starlings
(Sturms vulgaris), domestic fowl (Gallus domesticus), and Mallard ducks (Anas
platyrhynchos) (Bons d al-, 1978; Foster d al, 1987; Goldsmith d al, 1989; Jozsa
and Mess, 1982; Mikami dal-, 1988; Silver d a l , 1992; Sterling and Sharp, 1982).
All o f these studies showed that the GnRH neurons which modulate reproduction are
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found primarily in the septum, POA, and M B R Immunoreactive-GnRH neurons
found caudal to the mammillary bodies have previously been shown to contain
cGnRH II; the function of which is unknown (Millam SLal , 1989, 1993). This area of
the brain was not ecamined in the present study.
Previous researchers have related decreases in the numbers of ir-GnRH
perikarya to seasonal decreases in plasma LH levels and photorefractoriness (Dawson
and Goldsmith, 1983; Foster fit al , 1987; Goldsmith fit al , 1989; Hahn and Ball,
1995). The data from this project d i& r from some o f the previous studies in that no
ir-perikarya were counted in September, after the onset o f refractoriness. Other
researchers have previously noted the presence o f ir-GnRH cells in avian species
during the refractory period, although in reduced numbers when compared to the
numbers counted during the photosensitive period (Foster fit al , 1987; Goldsmith fit

al , 1989; Hahn and Ball, 1995). Birds in these studies, however, were subjected to
artificially manipulated photoperiods, unlike the birds o f the present project, which
were housed outdoors under natural illumination. In the manipulated enviroment,
these researchers may have sacrificed birds closer to the onset o f photorefractoriness.
It must be emphysized that the reduction in the numbers o f countable ir-GnRH
perikaiya is not likely to be due to a loss o f neurons, but rather is probably due to
reduced cellular content o f the GnRH peptide. The LR-1 antibody used in this
project binds to the prohormone and to GnRH (Katz fit al., 1990; Silverman, 1990);
thus, the absence o f immunoreactive staining in September and the reduced number o f
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detectable neurons in January as compared to June samples is probably a result of
reduced synthesis and storage of the peptide, as has been found in other species (Katz
gt ai , 1990; Silverman a ai , 1990). The absence of identifiable GnRH perikarya
during the refiractory period was also verified in September 1992, in which the
PM1727A polyclonal antibody was used to localize GnRH in the House Sparrow
brains. Results fiom the latter study were identical to the data presented in this
project since no ir-GnRH perikarya were detected in September birds (Meseke and
Melrose, 1994). Despite differences in numbers o f ir-perikarya counted during the
refiwtory period in this project and other reports (Foster st ai , 1987; Goldsmith fit

ai-, 1989; Hahn and Ball, 1995), the overall decrease in numbers of ir-GnRH neurons
fi-om the breeding period to the refiactory period indicates a decrease in hypothalamic
concentrations o f GnRH coincident with shifts into the non-breeding season.
Specific mechanisms controlling changes in number, morphology, and
diameter o f GnRH neurons in birds are unknown; however, similar seasonal changes
in GnRH neurons have been noted in several species o f mammals. For example, with
the onset o f seasonal anestrous, there is a profound decrease in GnRH pulse
fi’equency in the ewe (Karschfitai-, 1993). Changes in GnRH neuron morphology
and synaptic structure may also be related to seasonal breeding in the ewe (Karsch sL
al , 1987; Lehman fit al', 1986). During the breeding season, GnRH neurcmal
membranes appeared to have more synaptic connections than during anestrous, and it
was hypothesized that this difference may be related to changes in numbers in both
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axodendritic and axosomatic connections. There was also an increase in numbers of
ir-GnRH neurons, branching o f ir-fibers, and numbers o f synaptic connections which
were correlated to increased gonadal steroid levels in ewes (Glass fit al., 1986;
Lehman fit al , 1986). Exogenous steroid hormone treatment o f anestrous ewes
increased synaptic input to GnRH neurons ((Hass fit al , 1986).
In Rhesus monkeys, changes in the steroid milieu may be related to synaptic
input and glial ensheathment of GnRH neurons (Whkin fit al , 1991; Whkin and
Romero, 1995; Witkin, 1996). Glial oisheathment maybe significant to the fimction
of GnRH neurons in that increasing degrees o f glial apposition may physically
decrease synaptic com-munication between neurons (Whkin fit al , 1991). Afier
ovariectomy, GnRH neurons in the preoptic area showed greater degrees of glial
ensheathment than intact animals (Witkin fit al , 1991). Whkin (1996) also showed
that following ovariectomy, there were significantly more smooth GnRH neurons
compared to spiny neurons. Steroid replacement, however, did not completely
reverse these changes (Witkin fit al , 1991).
Collectively, these data may help to explain the absence o f ir-GnRH perikaiya
in the presumptive photorefiactory House Spairows of this study. With the initial
onset o f photorefiactoriness, as in anestrous, there appears to be a decrease in ir-cell
numbers, GnRH peptide content, and diameter o f ir-perikarya (Foster fit al , 1987;
Goldsmith fit al , 1989; Hahn and Ball, 1995; Karsch fit al , 1987; Lehman fit al
1986). As (SnRH activity decreases, there is also presumably a decrease in circulating
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pituitary gonadotropins, followed by decreases in gonad activity, including sex cell
production and steroid activity (Dawson and Goldsmith, 1983; Dawson fit al., 1988;
Mattocks fit al-, 1976). The decrease in steroids may then lead to increased glial
ensheathment, decreased synaptic input to GnRH neurons, and morphological
changes of the GnRH perikarya (Witkin fit al , 1991; Whkin, 1996; Xiong fit al ,
1997). Therefore, the diflferences between this study and previous work may be
related to the length o f time from the effect of decreased steroid levels; previous avian
GnRH data may be valid for newly refractory birds, whereas data from this project
may be more valid for birds in a fully regressed, photorefractory state.
Although there has been some research regarding changes in the avian GnRH
system during photorefractoriness, there is scant data regarding changes associated
whh the onset of the reproductive season in birds. In this study, ir-GnRH perikarya
were present in low numbers (compared to later in the breeding season) and no active
spermatogenesis was observed (Chapter 3). Previous studies whh seasonally
breeding avian species have shown low levels of circulating plasma GnRH and LH at
this time of the year (Dawson and Goldsmith, 1983; 1984; Dawson fit @1., 1985a;
Matt fit al., 1984; Mattocks & al , 1976; Rohss and Silverin, 1983). As the sparrows
became photostimulated, the numbers and size of ir-GnRH perikarya increased, as
reported in the European Stariing (Goldsmith fit al , 1989; Hahn and Ball, 1995). The
increases in number and size o f ir-perikarya may also be related to increased peptide
synthesis. Moreover, the increase in numbers of multipolar neurons and
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decrease in numbers o f unipolar neurons may indicate increased synaptic connectivity
to the GnRH system and increased metabolic activity during the breeding season
(Witkin and Demasio, 1990; Witkin and Romero, 1995).
Lengthening photoperiods have also been correlated with increased testicular
size and activity (Dawson and Goldsmith, 1983; Rohss and Silverin, 1983). Although
these researchers correlated increases in winter LH levels with testicular organization
(changes in Leydig cells and lipid content), they found no corresponding increase in
plasma steroids or spermatogenesis. Conversely, some researchers have reported that
circulating avian sex steroids produced by adrenal tissues increase before the onset o f
the breeding season (for review see Wingfield and Famer, 1993). As the breeding
season continues, much o f the circulating steroids are produced by the gonads. These
changes can be correlated with the progressive changes in the testes, especially in the
organization o f the seminiferous tubules. As both LH synthesis and activity depend
on GnRH synthesis and activity, it is axiomatic that these increases in LH would
coincide with increases in GnRH. Thus, the changes in GnRH staining and/or
morphology may then be correlated whh the aforementioned increase in testicular
organization at the beginning of the breeding season (Chapter 3).
The onset o f seasonal reproductive activity in birds has been likened to
mammalian puberty ^awson a al., 1988) and may include pronounced changes in
number o f ir-GnRH perikarya, changes in morphology and cellular activity, synaptic
input, and glial ensheathment (Rubin fit aL 1995; Whkin and Romero, 1995; Whkin fit
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al-, 1995; Wray and Hoffinan, 1986). In Ring Doves, Great Tits (Silver fit ai , 1992)
and European Starlings (Foster fit ai , 1987; Goldsmith fit ai-, 1987) pubertal increases
in numbers and size o f ir-GnRH perikarya were demonstrated, similar to the seasonal
change in this study. In rats and Rhesus monkeys, although GnRH neurons still
appeared to be ensheathed in glia, there was an change in synaptic connectivity and
morphology (based on amounts o f mitochondria and Golgi) that was associated with
puberty (Whkin and Romero, 1995; Witkin fit ai-, 1995). Based on morphological
changes o f GnRH neurons, Wray and HoflSnan (1986) also postulated a peripubertal
increase in cellular activity. Whkin and Romero (1995) reported not only an increase
in synaptic connections in postpubertal rats, but also a decrease in axosomatic
synaptic connections and an increase in axodendritic connections. The onset o f
seasonal reproduction may then be a reversal o f the process previously described for
the cessation of seasonal reproduction. As GnRH neurons become activated (whh
the onset of photosensitivity), there is an increase in gonadal activity (i.e. spermato
genesis) whh concommitant increases in plasma androgens and estrogens. As the
beginning stage o f the breeding season progresses, there is a loss of sensitivity to the
negative feedback effects o f circulating steroids and consequently GnRH synthesis
and release increases.
Lastly, these seasonal changes in GnRH neuron morphology may be related to
changes in circulating steroid levels. In ovariectomized Rhesus monkeys, Whkin fit al.
(1991) showed time dependent changes in both synaptic input and glial apposition to
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GnRH noirons with respect to steroid replacement. In this study, the presumed
increase in number o f cellular processes between January and June may be in part to
presumed increases in steroid levels (Dawson and Goldsmith, 1984; Garcia-Segura et
al., 1994; Wingfield and Famer, 1993).

E. SUMMARY
In this study, changes in GnRH neuron morphology were examined to help
elucidate mechanisms involved in seasonal reproduction and to determine if
populations of ir-GnRH perikarya difi&r in songbirds between the breeding and non
breeding seasons. Numbers of detectable ir-perikarya increased more than five-fold
from the beginning of the photostimulation (January) to the peak of breeding season
(June). After the birds had presumably become photorefiactory (September), no ircell bodies were detected. The changes in numbers of ir-cells, were paralleled by
changes in proportions of multipolar, bipolar, and unipolar neuron subtypes, and by
changes in diameter o f ir-perikarya. These neuronal charges could be correlated with
histological changes in the avian testes. Site-specific reductions in numbers o f GnRH
cells that stained suggest that functionally dififerent cell groups are affected differently
by seasonal changes in breeding activity. Seasonal alterations in neurite development
may also indicate that synaptic remodeling may also occur in relation to breeding
activity.
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CHAPTERS: DIETARY MONOAMINERGIC PRECURSORS
ALTER AVIAN SEASONAL REPRODUCTIVE FUNCTIONS:
EFFECTS ON GnRH NEURONS AND TESTICULAR
HISTOLOGY

A. INTRODUCTION
Brain monoaminergic activity may regulate numerous physiological functions
involved in the seasonal changes which birds undergo in relation to seasonal
reproduction and migration. For example, increased serotonergic activity appears to
inhibit reproductive functions includii% gonadotropin release, testicular
spermatogenic activity, embryonic and neonatal survival, and the ability to achieve
orgasm (Boccabella fit al , 1962; Cramer and Barraclough, 1978; Kramer, 1993;
Martin fit al , 1977; Meier and Wilson, 1983). Conversely, increased catechol
aminergic activity seems to stimulate reproductive function by stimulating GnRH
mRNA synthesis and increasing the synthesis and release o f GnRH and pituitary
gonadotropins (Kamberi fit al , 1970; Li and Pelletier, 1992; Martinez de la Escalera
fit al-, 1992a,b; Negro-VTlar fit al-, 1979; Schnieder and McCann, 1969).
Interestingly, changes in activity in both the serotonergic and dopaminergic systems
also appear to be involved in changes in seasonal reproductive functions (Bhatt,
1990; Gayrard fit al , 1994; Havem gt al , 1994; Huang and Meites, 1975; Lehman
fit al-, 1996; Miller and Meier, 1983a,b; Simpkins fit al-, 1977; Wilson and Meier,
1983).
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The dietary administration o f L-tryptophan and L-3,4-dihydroxypbenylalanine (L-DOPA) has been shown to increase brain serotonin and dopamine levels,
respectively (Femstrom and Wurtman, 1972; Jimenez a al-, 1978). Preliminary
experiments have also shown that increasing serotonergic activity via dietary
tryptophan could alter responsiveness o f hamsters to changes in photoperiod
(Wilson and Meier, 1983). Stimulation o f dopaminergic activity via dietary LDOPA induced photosensitivity in refractory Japanese ()uail (Bhatt, 1990; Meier
and Wilson, unpublished data). In this experiment the House Sparrow’s diet was
supplemented with L-tryptophan or L-DOPA at different times in the bird seasonal
reproductive cycle to determine whether these compounds could affect the
immunocytochemicai staining in avian GnRH neurons and histology of the testes as
well as the somatogonadal index (SGI).

B. METHODS AND MATERIALS
Male House Sparrows were captured in April and August o f 1994, housed in
an outdoor aviary under natural conditions, and maintained on Purina Poultry Chow
(grower diet, 20% protein) and water, ad libitum . Reproductive maturity was
assessed by unilateral laparotomy (to assess the size o f the testes) and the presence
of secondary sexual characteristics (i.e. badge plumage and bill coloration). The
birds (n=7 per group) were randomly placed into trytophan-fed or DOPA-fed
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experimental groups. Birds from studies described previously (Chapters 3 and 4)
served as contemporary controls.
In April and August, the tryptophan-fed groups were fed the grower diet to
which 7% (w/v) L-tryptophan (Sigma Chemical Co. St. Louis, M O) was added. At
both time points, the DOPA-fed birds diet was supplemented with L-DOPA (S
gm/bird/day) (Sigma) and S(-) carbidopa (Igm/bird/day) (Research Biochemicals
Int., Natick, Massachusetts). Carbidopa is a peripherally active L-aromatic amino
acid decarboxylase inhibitor that prevents peripheral conversion o f L-DOPA to
dopamine (Lotti and Porter, 1970) and was added to the diet to increase the amount
of L-DOPA crossing the blood-brain barrier (Fenstermacher, 1989; Neuwelt and
Frenkel, 1989). The birds were maintained on these diets for 14 days and then
returned to normal diet for another 14 days to avoid observation o f acute pharma
cological effects and to allow for observable changes in cycle o f the seminiferous
tubules (between 12 and 21 days in birds) (Sturkie and Opel, 1976; Wrobel and
Dellman, 1993). Tryptophan and L-DOPA feeding effect seasonal reproduction
(Bhat, 1990; Wilson and Meier, 1983). However, these researchers fed these
monoamine precursors for the duration o f their respective experiments (20 weeks in
the case o f Bhat, 1990). It is, therrfore, unknown whether the effects previously
observed are a result o f a pharmacological effect (Bhat, 1990) or through a resetting
of circadian rhythms (Wilson and Meier, 1983). After the two weeks of normal diet

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

78

following the experimental diet, the structure o f the seminiferous tubules and
germinal epithelium would help elucidate the efifect o f the monoamines and their role
in alteration o f seasonal reproduction. The birds were then sacrificed in April or
September. Brains and testes were removed, and immunocytochemically or
histologically processed as in Chapters 3 and 4. The SGI was calculated by dividing
the testes weight by the body weight. These data were analyzed by GLM in
SYSTAT ver. 6.01 (Wilkinson and Hill, 1994; Wilkinson gtal , 1996) to determine
treatment effects at the two time points.

C. RESULTS
1. Photosensitive L-tryptophan-fed group.
Dietary tryptophan treatments significantly ( F=17.569, DF=1,15, P<0.001)
lowered the SGI (mean ± SEM = 0.00342 ± 0.00121) compared to those birds on
the control diet (0.01312 ± 0.00130) in April/spring photosensitive birds. Although
the SGI was depressed in the birds fed tryptophan in April, histology o f testes did
not differ fi-om control and tryptophan-fed birds. Three o f the tryptophan-fed birds
appeared to have functional seminiferous tubules with distinct lumens and stratified
germinal epithelium indicative of active spermatogenesis (Figures 12a and 12b).
Testes from the other 4 birds in this group appeared to have testicular histologies
similar to the previously described August testes (Chapter 3, Figures 4a and 4b).
The seminiferous tubules from these birds had no distinct lumen and the tubules
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Figure 12a. Representative photomicrograph of testicular tissue from tryptophanfed sparrows (n=3) sacrificed in April. The stratification of the germinal
epithelium (GE) was similar to birds fed the control diet and was
indicative of fertile seasonal reproduction (Bar=0.2mm).
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Figure 12b. Magnified representative photomicrograph of transverse section o f
testicular tissue fi’om tryptophan-fed sparrows (n=3) sacrificed in April.
Note the presence o f multiple germ cells types in the stratified germinal
epithelium (L=Leydig cell Sc=spermatocyte, Sg=spermatogonia, Sm=
sperm, Sp=spermatid, Bar=0.1mm).
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appeared to be filled with lipids. There were only primary spermatogonia along the
margins of the tubules in these birds (Figure 12c). In these testes, however, the
interstitial area appeared compressed (Figures I2a and 12b), as in an active testes,
whereas the interstitial area in other testes did not have the same degree o f
compression (Figure 12c). In the spring tryptophan-fed group, neither ir-GnRH
perikarya nor fibers were seen (Figure 13), similar to photorefiactory birds
sacrificed in September (Chapter 4, Figure 9).

2. Photosensitive L-DOPA-fed group.
The brains o f photosensitive birds fed the L-DOPA diet in April also did not
contain any detectable ir-GnRH perikarya (Figure 14), although there were scant
traces of ir-fibers in the median eminence and along the third ventricle (data not
shown). There was no significant effect o f L-DOPA feeding on the SGI o f the
spring birds (0.01380 ± 0.00228) as compared to the controls (0.01312 ± 0.00130)
(F=0.086, DF=1,15, P>0.05). There was also no apparent efikct of L-DOPA on
testicular histology in these birds (Figures 15a and 15b), when tissues were
compared to those described in Chapter 3 (Figures 3a, 3b, 6a, and 6b).

3. Photorefractory L>-tryptophan-fcd group.
In the September birds, additional dietary tryptophan had no effect on
numbers of detectable ir-GnRH neurons since neither the control group nor the
tryptophan-fed group had any detectable ir-perikarya or fibers. Although there was

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

82

Figure 12c. Representative photomicrograph o f testicular tissue from tryptophanfed sparrows (n=4) sacrificed in April. The presence of cellular debris
and lipids in the lumens (L) was similar to tissues from control birds
sacrificed in August (Bar=0.2mm).
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Figure 13. Representative photomicrographs o f House Sparrow preoptic area from
April tryptophan group. Note the absence of ir-GnRH staining. (C 0=
optic chiasm, POA=preoptic area, vm=third ventricle, Bar=0.2 mm).
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Figure 14. Representative pbotoinicrograph o f the preoptic area from House
Sparrows fed L-DOPA in ^ rU . Note absence o f ir-GnRH staining.
(Co=optic chiasm, POA=preoptic area, PR=preoptic recess, vin=third
ventricle, Bar=0.2 mm)
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Figure 15a. Representative photomicrographs of testicular tissue from L-DOPAfed House Sparrows (n=7) sacrificed in April. Note the stratification o f
the germinal epithelium (GE) within the seminiferous tubules (Bar=
0.2 mm).
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Figure 15b. Representative magnified photomicrograph o f transverse section of
testicular tissue from L-DOPA-fed House Sparrows (n=7) sacrificed in
April. The stratification of the germinal epithelium (GE) was
intermediate to that seen in January and A^ril control birds (L-Leydig
cell, Sg=spennatogonia, S=sertoli cell, Bar=0.1mm).
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no significant diflference in the SGI (tryptophan group=0.00016 ± 0.00004;
September control group=0.000I9 ± 0.00005; F=0.008, DF=l,15, P>0.05), the
testes of the tryptophan-fed birds appeared to have larger seminiferous tubules and
proportionately less interstitial area, similar to the August testes fi^om untreated
birds (Figures 16a and 16b; Chapter 3, Figure 4a and 4b). The testes fi-om theses
treated birds appeared filled with lipids and with no active spermatogenesis, as
opposed to the September normal testes (Chapter 3, Figure 5a and Sb).

4. Photorefractoiy L-DOPA-fcd group.
The L-DOPA-fed photorefiactory sparrows sacrificed in September
exhibited several differences compared to the control birds. Most importantly, LDOPA increased ir-GnRH staining in the sparrow hypothalamus. Compared to the
control birds, which had no detectable ir-GnRH neurons, three o f the L-DOP A fed
birds had distinct ir-fibers (but no ir-perikarya) along the third ventricle, extending
to the median eminence. The four remaining birds in this group had densely stained
ir-GnRH perikarya and fiber staining in the preoptic area (POA), septum, and
mediobasal hypothalamus (MBH) (Figure 17). In these four sparrows, there was a
mean (+ SEM) 46.25 ± 5.76 ir-perikarya. This was not significantly different fi’om
the 37.66 ± 14.57 ir-perikarya previously counted in birds sacrificed in January (see
previous chapter) (F=0.760, DF=1,68, P>0.05). As in January birds, in L-DOPA-
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Figure 16a. Representative photomicrographs of testicular tissue from tryptophanfed House Sparrows (n=7) saoificed in September. Note the absence of
stratified germinal ephhelium (GE) and the presence o f lipids in the
lumen (L) o f the seminiferous tubules similar to the control,
photorefi^ctory birds (Bar=0.2 mm).
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Figure 16b. Representative magnified photomicrograph o f transverse section
o f testicular tissue fi-om pbotorefi’actoiy tiyptophan>fed House
Sparrows (n=7) sacrificed in September. The presence of lipids in the
lumens (L ) of the seminiferous tubules was similar to the seminiferous
tubules o f control birds sacrificed in August (L=Leydig cell, Sc=
spermatocyte, Sg=spermatogonia, S=sertoli cell, Bar=0.1 mm).
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Figure 17. Representative photomicrographs o f ir-GnRH perikarya (arrows)
and fibers in the preoptic area of pbotorefiw^tory (September) L-DOPAfed House Sparrows. Both the numbers and distribution of the morph
ological subtypes of ir-perikarya was similar to tissues collected fi’om
January birds (CO=optic chiasm, POA=preoptic area, PR= preoptic
recess, vin=third ventricle, Bar=0.2 mm).
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fed birds sacrificed in September there were more perikarya within the POA (73.30
± 4.39%) than in the septum (4.80 ± 1.88%) and MBH (20.20 ± 6.25%) (F=66.35l,
DF=1,66, P<0.001). Moreover, the September birds fed L-DOPA also had
significantly more bipolar neurons (60.80 ± 2.34%) than unipolar (19.10 ± 2.22%)
and multipolar (18.70 ± 2.25%) neurons (F=33.574, DF=l,66, P<0.001), and these
results were similar to those collected for birds sacrificed in January (Chapter 4,
Figure 11). Although there were no significant differences in the SGI for the
September L-DOPA-fed (0.00080 + 0.00044) and control groups (0.00019 ±
0.00005) (F=2.823, DF=1,15, P>0.05), there were histological differences in the
testes of these groups (Figure 18a and 18b, Chapter 3, Figures 5a and 5b). The
seminiferous tubules were more organized in arrangement in the L-DOPA group
than the control testes. The Sertoli cells and primary spermatogonia lined the
perimeter o f the tubule, although no distinct lumen was present and no compression
of the interstitial area of L-DOPA fed birds.

D. DISCUSSION
1. Effects of tryptophan feeding on reproduction.
Previous experiments have shown that tryptophan may have an adverse
effect on reproduction in mammals (Meier and Wilson, 1983; Wilson and Meier,
1983). These researchers not only reported a decrease in testes size and fet pad
weights in short day hamsters fed tryptophan (Wilson and Meier, 1983) but also an
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Figure 18a, Representative photomicrographs o f testicular tissue from photorefractory House Sparrows (n=7) fed L-DOPA and sacrificed in
September. (Bar=0.2 mm). See higher magnification o f the same tissue
in figure 18b for identification o f specific cell types.
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Figure 18b. Magnified photomicrograph o f testicular tissue from House Sparrows
(m=7) fed L-DOPA in September. Although these tissues were similar to
those o f control, photorefiactory birds sacrificed in September, there
appeared to be more organization o f the spermatogonia and settoli cells
along the basal lamina o f the seminiferous tubules (L=Leydig cell, Sg=
spermatogonia, S=sertoli cell, Bar=0.1 mm).
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increase in rates o f spontaneous abortions in female hamsters (Meier and Wilson,
1983). Additionally, high doses o f tryptophan (both orally and injected) lowered
plasma hormone levels ofLH, FSH, ACTH, and cortisol, and induced hypoglycemia
(Maclndoe and Turidngton, 1973; Woolf and Lee, 1977). Previous researchers,
however, primarily studied the acute pharmcologicai effects of increased
serotonergic activity on reproduction, i.e. the effects o f injected serotonin precurors
on the preovulatory LH surge (Sharp st al , 1989), effects of long-term serotonin
precursor injections on testicular histology (Boccabella st ai , 1962). Even those
researchers who hypothesized that a shift in internal rhythms was related to
increased serotonergic activity (through tryptophan feeding) (Wilson and Meier,
1983) also noted that these effects appeared two weeks after tryptophan feeding;
however, a simple pharmacological effect could not be ruled out (Wilson and Meier,
1983). In the current project, the animals were returned to the normal diet (under
ambient photoperiod) for two weeks following the experimental diets to help rule
out the question o f a simple acute pharmacological effect on the aminergic rhythms
and their effect on the reproductive system. As the spermatogenic cycle in birds is
between 12 and 21 days, (Sturkie and Opel, 1976), histological changes in the
stratification o f the germinal epithilium would not be apparent at the end o f the twoweek feeding period. That the effects of both the tryptophan and DOPA were
observed two weeks under photostimulatory conditions (as in the case of the April
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birds), indicates that dietary effects were prolonged and produced discernable
changes in the testicular histology after the treatments stopped for 14 days. This
may indicate that these compoimds induced a shift in endogenous rhythms which
persisted following cessation o f treatment.
The overall effect of tryptophan feeding on GnRH and spermatogenesis was
inhibitory at both time points in this study. Femstrom and Wurtman ( 1972)
demonstrated that orally administered tryptophan would elevate brain serotonin
levels. Previous researchers have also shown that Increased serotonergic activity
has an inhibitory effect on reproduction in sexually mature animals (Boccabella gt

M, 1962; Coen fit al-, 1980; Sharp fit al-, 1989; for review see Weiner fit al-, 1988).
The testicular changes reported here are similar to those reported by Boccabella and
associates (1962), who showed an inhibition o f spermatogenesis and regression of
seminiferous tubules after injection of serotonin (5HT). Increased serotonergic
activity has also been shown to inhibit hypothalamic peptide production (Kordon
and Glowinski, 1972) and gonadal hormone synthesis (Ellis, 1972; Kalla, 1979;
Wilson and MacDonald, 1974). The absence o f ir-GnRH perikarya in photorefractory sparrows fed tryptophan may be a result of this inhibitory effect of
serotonitL The spring tryptophan-fed birds included one subgroup o f birds with
normal testicular histologies whereas in the other subgroup there was an absence of
stratified germinal epithelium, an increase in lipid within the lumens o f the semin-
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iferous tubules, and an apparent increase in the relative size o f interstital areas.
The effect of increased dietary tryptophan on refiactory birds is difficult to interpret.
The birds fed tryptophan in September had no detectable ir-GnRH perikarya, similar
to normal photorefractory birds. In normal birds, the testes at the beginning o f the
presumptive refractory period were not regressed, but no active spermatogenesis
was suggested since the germinal epithelium was not stratified and the seminiferous
tubules were filled with lipids. The histology of testes from the September
tryptophan-fed birds were similar to the normal August testes, rather than to the
testes of normal photorefiactory September birds. Not as much lipid material was
observed in the tubules o f these tissues from the tryptophan-fed birds however. This
suggests that increased dietary tryptophan in September may have delayed the onset
of photorefractoriness.

2. Effects of L-DOPA feeding on reproduction.
The effects o f dietary L-DOPA on the sparrow reproductive system are
complex. In House Sparrows, the A11-AIS dopaminergic cell groups have been
described in areas o f the forebrain also containing GnRH neurons (Meseke, 1997).
However, unique to the passerine brain, these cell groups (with the exception of
A12) all contained distinct noradrenergic cell bodies, indicating that these may
actually be noradrenergic nerve tracts or mixed dopaminergic and noradrenergic
tracts. In mammals, the proestrus LH surge and numerous reproductive behaviors
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(such as lordosis) have been shown to be modulated be norepinephrine (Drouva and
Gallo, 1976, 1977; Kalra and McCann, 1974). Within the brain, the effects of
dopamine on GnRH systems, however, may be both stimulatory and inhibitory (for
review see Hofihnan fit

1993). Carbidopa was added with the L-DOPA feed to

block peripheral L-aromatic amino decarboxylase activity (thus blocking peripheral
conversion o f L-DOPA to norepinephrine), but this compound does not inhibit this
conversion centrally (for review see Abou-Donia, 1992). Thus, the differences in
the L-DOPA and control-diet birds may be partially due to increased central
noradrenergic activity. This may have caused large surges of GnRH release, thus
depleting neuronal cell content. On the other hand, increased dopaminergic activity
has been shown to increase GnRH mRNA (Contijoch fit al-, 1992; Kim fit al-, 1993;
Li and Pelletier, 1992). If L-DOPA directly increased dopaminergic activity in the
brain o f the April birds, it is likely that GnRH synthesis would have continued or
increased; however, even with increased synthesis, increased release may still have
prevented ir-staining and identificatioiL
A second scenario for the effect o f L-DOPA on the GnRH system in April
birds may involve changes in thyroid hormone activity. Dopamine stimulates
thyrotropin-releasing hormone synthesis and release (Kizer fit al-, 1974; for reviews
see Lechan and Toni, 1992; McEwen, 1992) Thyroid hormone activity has
previously been linked to both photoreffactoriness and photosensitivity/photo
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stimulation but thyroid activity appears to be permissive to these changes rather than
directly responsible for these physiological changes (Dawson fit al , 1988).
Following thyroidectomy, administration o f thyroid hormone induces GnRH activity
and testicular growth in non-photostimulated, photosensitive American Tree
Sparrows and European Starlings (Dawson fit al , 1988; Wilson and Reinert, 1993).
Continued thyroxine treatment, however, eventually causes gonadal regression.
Conversely, long-day stimulated starlings do not become photorefractoiy after
thyroidectomy (Goldsmith and NichoUs, 1984b; Wieselthier and Van Teinhoven.
1972). Administration of thyroid hormone to photorefr^ory thyroidectomized
birds also does not induce the recovery o f photosensitivity (Reinert and Wilson,
1996; Wilson and Reinert, 1993). Thus, it appears that the role o f the thyroid in
avian reproduction is that of a photomimetic, being stimulatory after the onset o f
photosensitivity and inhibitory after the continued exposure to long daylengths
(Dawson fit a[., 1988; Wilson and Reinert, 1993).
Although administration of L-DOPA in photostimulated birds may have
initially increased GnRH activity, the increase in TRH (and subsequent increase in
thyroxine activity) could be antigonadal. Equally important to this scenario is the
possible interactions at the level of the gonads. Increased DA activity may increase
GnRH activity, which in turn would increase steroidogenesis in the testes.
Stimulation o f testosterone activity increases TSH and thyroid hormone release
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(Galton, 1971; Gross fit al-, 1971; Melrose, 1982). Thus, through the stimulation of
the thyroid (whether directly on TRH, or indirectly though the testes), increased
dopaminergic activity may have the effect o f producing a refiactory sparrow, during
a normally stimulatory photoperiod. That the testes were not fiiUy regressed simply
indicates the transition to photorefiactoriness may not have been complete. In this
project, a positive feedback mechanism may have been stimulated in that although
DA may positively affect GnRH, its efi&cts on thyroid activity may have overridden
reproductive activity.
The testicular histology and number and types o f GnRH perikarya in DOPAfed photorefiactory sparrows were similar to those seen in the normal January birds
(Chapter 3 and 4), when the sparrows were photosensitive but not stimulated. This
may be interpreted as a premature ending o f the photorefiactory period. During
refiactoriness, GnRH synthesis is presumably low, based on the absence of ir-GnRH
perikarya (Chapter 4). Increased dopaminergic activity has been shown in both rats
and chickens to increase GnRH mRNA levels and subsequently GnRH peptide
synthesis (Contijoch fit al , 1992; Kim fit al , 1993; Li and Pelletier, 1992). As the
birds are no longer breeding after the onset o f photorefiactoriness, testosterone
levels are decreased and there is a shift in the bird’s activity such that those
behaviors associated with breeding are no longer observed (Wingfield and Famer,
1993). Thus, it may be assumed that the specific noradrenergic pathways associated
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with these reproductive behaviors are also relatively inactive. The increase in
dopaminergic activity in September seems to have reactivated the GnRH system, in
a manner similar to the processes which may modulate the cycles comparable to
pubertal changes associated with the onset of photosensitivity without the required
intervening short days (Dawson fit al., 1988). Further evidence for this may be seen
in the testes, in which the primary spermatocytes and Sertoli cells appeared arranged
along the outer margins o f the seminiferous tubules, similar to testes collected in
January.
E. SUMMARY
L-tryptophan and L-DOPA were added to the diet o f House Sparrows
during both the photostimulated (April) and photorefractory (September) portions
of their breeding season. Based on changes in testicular histology and the
prevalence of ir-GnRH perikarya, tryptophan appears to be inhibitory to the
progression of the seasonal breeding cycle. At both time points, the birds fed
dietary tryptophan showed an absence of ir-GnRH neurons. This suggests that Ltrypyophan delays or inhibits the processes important to photosensitivity and
enhances mechanisms involved in photorefractoriness.
Birds fed L-DOPA also showed changes in both the brain and testes.
Although there were no changes in testicular histology in the April L-DOPA group,
no ir-GnRH perikarya were observed. This may be due to an increase in
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noradrenergic and/or thyroid activity. When photorefractory birds were fed LDOPA, both the structure o f the testes and the numbers and subtypes of GnRH
neurons appeared similar to that previously observed in January/photosensitive nonphotostimulated birds. Thus, the addition o f dietary tryptophan may have shifted
back the aminergic mechanisms affecting seasonal reproduction whereas the addition
of dietary L-DOPA may have advanced these mechanisms.
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CHAPTER 6: SUMMARY AND CONCLUSIONS

The annual reproductive cycle o f House Sparrows was examined in this
project. In southern Louisiana, increases in reproductive behaviors, such as territory
defense, nest building, and pair formation begin in January. Although House
Sparrow brains contained iimnunoreactive(ir)-gonadotropin>releasing hormone
(GnRH) neurons at this time, the testes were regressed with few histological
characteristics indicative o f spermatogenic activity. A nuyority o f ir-GnRH neurons
in January were bipolar and were found primarily in the preoptic area (POA). Less
than half of the ir-perikarya were located in the septum or the medial basal
hypothalamus (M BH). As the January sparrows were considered to be photo
sensitive but not photostimulated, the population o f GnRH neurons in the POA may
be involved with photoperiod-independent initiation o f increased gonadotropin
production and secretion and steroid production and release from the gonads.
As the season progressed into March, there was an increase in testicular
weight and the somatogonadal index (SGI), which indicates overall an increase in
testicular activity and the beginning o f the breeding season. Testicular weights and
the SGI continued to increase through April. With this increase in testicular mass,
there were marked changes in testicular histology. Most o f the cross-sectional area
of the testes at this time was made up o f stratified cells indicative o f active
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spermatogenesis. During the peak in testes weight and SGI, the number of
identifiable ir-GnRH perikarya was five-fisld greater than that counted in January.
There was also a change in morphology o f the ir-GnRH cell bodies. In June, nearly
60% o f these neurons were multipolar, and the remainder were bipolar, no unipolar
perikarya were identified at this time point. This compared to the January time point
when nearly 60% o f the ir-GnRH cell were bipolar, approximately 20% were
unipolar and 20% multipolar. This change in the relative proportion o f identifiable
morphological subtypes may be related to changes in both reproductive activity,
steroid secretion, and maturity (Lehman st al , 1986; Melrose a al , 1994; Witkin a
al., 1991).
House Sparrows in southeastern Louisiana became photorefiactory in
August, and by September the testes were regressed based on paired testes weights
and the SGI measured in the non-breeding seasotL Histologically, structures
associated with the seminiferous tubules appeared inactive in September. There was
no stratification o f the germinal epithelium and most o f the testes appeared to be
comprised o f interstitial tissues. In these animals no detectable ir-GnRH neurons
were observed. As the LR-1 antibody used in this study binds to the pre-pro-GnRH,
the prohormone, and the conserved sequences in the amino acid terminus of GnRH,
the absence o f localizable cell bodies may indicate decreased synthesis of GnRH
mRNA, increased degradation o f mRNA, decreased translation, changes in post-
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transiatîoiial processing, and/or increased release of the GnRH peptide (Katz et ai.,
1990; Silverman et al., 1990). Recent in situ hybridization studies have shown that
decreases in circulating steroid levels may be correlated with suppression o f GnRH
mRNA levels (Pâfi^ 1986; Rothfeld st ai., 1987). Message levels may similarily be
increased with steroid replacement (Kim st ai, 1989; Park st ai , 1989; Roberts st
ai., 1989).
In the last experiment, monoamine precursors, L-tryptophan and L-DOPA
were added to the House Sparrow’s diet in April and September to test the
hypothesis that control of avian seasonal reproductive patterns is due to changes in
the activities o f the serotonergic and catecholaminergic systems. In sparrows that
received tryptophan enriched diet, at both time points, there was an absence of
detectable ir-GnRH perikarya. This was similar to that seen in photorefiactory birds
sacrificed in September. This may reflect an inhibition o f GnRH synthesis, increased
peptide degradation, and/or increased peptide release by serotonergic activity. In
the April experimental group, there was an inhibition of spermatogenesis based on
the absence o f stratified germinal epithelium within the seminiferous tubules,
whereas the testicular histology of the September experimental group appeared
similar to normal testes collected in August, after the normal cessation of
spermatogenesis but prior to complete regression o f the testes.
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In the birds fed L-DOPA in April, although the testes appeared to have
active spermatogenesis, there was an absence of detectable ir-GnRH perikarya in the
fbrebrain. Although increased dopaminergic activity has been shown to increase
GnRH synthesis (Contijoch fit aL 1992; Kim fit âl-, 1993; Li and Pelletier, 1992),
previous neuroanatomical localization studies have noted the presence of
noradrenergic perikarya in the House Sparrow hypothalamus (Meseke, 1997).
Increased noradrenergic activity has been shown to increase GnRH release (for
review see HoflSnan fit al-, 1992). Thus, L-DOPA diets may have increased
noradrenergic activation o f the GnRH neurons, depleting them o f this neuropeptide
and resulting in an absence o f stained ir-perikarya.
Birds from the September L-DOPA-fed experimental group appeared similar
in their GnRH neuronal and testicular histologies when tissues were compared to
control House Sparrows in January. Although there was an apparent absence of
active spermatogenesis in the L-DOPA-fed group, there were numerous primary
spermatocytes and Sertoli cells along the outer margins o f the seminiferous tubules.
More importantly however, these L-DOPA fed birds had identifiable ir-GnRH
perikarya in the hypothalamus. The numbers and morphologies o f those GnRH
neurons in L-DOPA-fed birds were similar to those seen in control January birds.
L-DOPA feeding at this time o f the year may have increased dopaminergic activity,
resulting in increased GnRH synthesis.
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When this last experiment is considered in terms o f the Meier internal
coincidence model for the control o f avian seasonal reproduction by the
serotonergic and dopaminergic systems, it becomes apparent that increased
serotonergic activity (through the tryptophan feeding) is not only inhibitory to
reproduction, but based on testicular histology, the beginning of the reproductive
season may have been delayed. Increased dopaminergic (or noradrenergic) activity
had little efifea on the birds in April. The addition ofL-DOPA to the avian diet at
this time of year may have delayed photorefiactoriness, because endpoims in this
group were similar to those in photosensitive (but not photostimulated) birds.
Avenues for future research include microdissection o f areas rich in GnRH
neurons for assay o f GnRH and amines fi>r in vitro experiments with tissue collected
at difi&rent time points. Tissues could be used to characterize seasonal changes in
effects of different catecholaminergic and serotonergic agonists and antagonists on
GnRH mRNA synthesis and secretion. Such experiments may help determine
mechanisms involved in season changes in function o f the GnRH cells. Stereotaxic
lesions might also be tested to demonstrate ascending aminergic connections with
GnRH neurons and their influence on reproductive function during various seasons
o f the year. Nficrodialysis could also be used to characterize changes in aminergic
release within areas containing GnRH perikarya. Lastly, stereotaxic implantation of
single- and multi-unit electrodes into individual areas containing large numbers of
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dopaminergic, noradrenergic, and serotonergic neurons in conjunction with
gonadotropin and/or GnRH assays might begin to confirm Meier’s internal
coincidence circadian rhythms model providing data pertinent to control of the
central reproductive axis.
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APPENDIX. DISTRIBUTION OF SEROTONIN IN THE HYPOTHALAMUS
AND BRAINSTEM OF THE HOUSE SPARROW {Passer domesticus).

A. ABSTRACT
The topographic distribution o f the serotonergic neuron system was
systematically mapped in the brain o f the House Sparrow {Passer domesticus) using
immunocytochemistry. Inununoreactive-(ir-) serotonergic perikarya were mainly
localized within sparrow brainstem. These neurons were distributed in rostrocaudal
columns associated with the ventral and dorsal surfaces o f the brainstem, with fibers
present in other areas of the brain including the telencephalon. A third group of irperikarya were found along the ventricular margin o f the hypothalamic para
ventricular nucleus, and multiple ir-fibers were found in the hypothalamic preoptic
area, areas previously shown to be rich in catecholaminergic and gonadotropinreleasing hormone neurons in House Sparrows. These data support and extend
previous neuroanatomical research on this system in other non-passerine avian
species.
B. INTRO DUCTIO N
Little is known regarding the distribution o f serotonergic (5-H T) neurons in
the avian brain. Early studies descibed the existence of monoaminergic cell groups
in the brain o f the chicken {Gallus domesticus). Rock Dove {Columba livia ).
Warbling Grass Parakeet {Melopsittacus undulatus), and White-crowned Sparrow
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{Zonotrichia leuchophrys gcm belli) using the older histofluoresence technique
(Dube and Parent, 1981; Fuxe and Ljunggren, 1965; Oceda and Gotoh, 1971; Soest
et al-, 1973 ; Tohyama et a l , 1974). These early studies demonstrated the
serotonergic system in birds has an arrangement similar to mammals. Few details,
however, were available from these studies due to limitations o f the technique,
including the volitility and rapid degradation o f the reaction product, and low
sensitivity. With the advent o f the widespread use o f immunocytochemistiy (ICC)
and the availability o f specific polyclonal antibodies, the existence of 5-HT neurons
in the avian diencephalon has been demostrated in chickens and Japanese ()uail
iC otum ix cotumixjaponica) (Cozzi fit al-, 1991; Sako fit al-, 1986). Immunocyto
chemistiy is considered to be a superior histological technique due to its sensitivity
and long half-life of the reaction product. With the ICC technique, a large number
o f serotonergic peiikarya have been found in the avian Raphe area, forming a
rostrocaudal column from the posterior midbrain to the posterior medullary areas as
in the rat, but there is also in the avian brain widespread distribution o f immunoreactive (ir-) serotonergic fibers in several areas, including the telencephalon and
preoptic area of the hypothalamus (Cozzi fit al., 1991; Dube and Parent, 1981).
Serotonin has been implicated in numerous autonomic functions in birds
including prolactin regulation, temperature regulation, reflex and pain modulation,
circadian rhythm modulation, and sexual behavior including copulation (Ottinger,
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1983; \fille r and Meier, 198 la,b; Schrold, 1972; for reviews see Meier and Russo,
1985; Van der Maelen, 1985). In the present study, we report on the immunocytochemical localization o f 5-HT cell bodies and fibers in the brain of the House
Sparrow {Passer domesticus).
C. METHODS AND MATERIALS
House Sparrows were mist-netted in 1993-1994 fi-om resident fiocks at the
Louisiana State University School of Veterinary Medicine, in Baton Rouge, LA
These birds were housed in a large outdoor aviary under natural photoperiod and
temperature and they were maintained on ad libitum Purina Game Bird Chow
(grower diet 20% protein) and water.
The birds were sacrificed with 200 ul IM injection of ketaminerxylazine
(1.1). They were perfused intracardially with 150 ml o f heparinized saline (10
units/ml), followed by 150 ml 4% paraformaldehyde in O.IM phosphate bufifer (pH
7.4). Tissues were considered to be sufficiently fixed when clear fixative flowed
fi'om the right ventricle and the liver was palpably chilled and hardened. After
perfiision, the brains were carefully removed fi'om the skull, embedded in 10%
gelatin, and post-fixed by immersion for 24 hours. The brains were rinsed with, and
subsequently stored in, phosphate buffered saline.
Brains were removed fi’om the storage buffer and cut fiontally into
approximately equal halves. Parallel cuts were made perpendicular to the midline so
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that each brain segment was approximately 1 cm thick so that they would fit into the
Vibratome (Ted Pella, Inc. Redding CA.) for sectioning. These tissues were then
afixed with Superglue (Locthe North America, Rocky Hill, CT) to Icm^ metal
blocks for further sectioning. Fifty um transverse sections were cut and serial
sections were placed consecutively into four petri dishes which contained O.IM
phosphate buffer (pH=7.4). Every fourth section was stained with cresyl violet for
identification o f nuclear groups (Parent and Clark, 1955). The remaining sections
were processed for ICC. These free floating sections were gently agitated on an
orbital shaker throughout all processing steps. Initially they were washed three
times (10 minutes each) in O.IM phosphate buffer containing 0.1% Triton X-100
(Sigma Chemical Co., St. Louis, MO) and then for one hour in 3% hydrogen
peroxide to reduce endogenous peroxidase activity. After washing again in
phosphate buffer, the tissues were incubated with a specific rabbit polyclonal
antibody against 5-hydroxytryptamine (NT 102 at 1:1000, Eugene Tech.
International, Rams^, NJ). The primary antibody was diluted in O.IM phosphate
buffer with 1% (w/v) bovine serum albumin (BSA, fiaction V, Sigma Chemical Co.)
and 0.3% (v/v) Triton X-100 (Sigma Chemical Co.). Sections were incubated with
diluted antibody for 72 hours at 4"C. The tissues were then washed thrice in 0. IM
phosphate buffer and then incubated for 24 hours at 4"C with biotinylated goat anti
rabbit IgG (50ul/5ml buffer. Vector Laboratories, Burlingame, CA). Sections were
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then washed once with 0. IM phosphate buffer and twice with saline. They were
subsequently treated for 20 minutes at room tempwature with an avidin-biotin
peroxidase complex (200ul/5ml), as per instructions provided by the supplier
(Vectastain Elite ABC Kit, #PK-610I, Vector Laboratories). The latter complex
binds to biotinylated goat anti-rabbit IgG because of the high binding affinity of
avidin for biotin. Three', 3-diaminobenzidine (DAB, 3.7Smg/5ml saline) (Sigma
Chemical Co.) and 0.03% hydrogen peroxide were used to visualize the
immunocytochemically bound peroxidase complex. The reactions were carefully
monitered under a dissecting microscope. When brown perikarya and/or fibers were
visible, the reactions were stopped by washing the sections repeatedly with saline.
Stained sections were rinsed with saline, mounted on ^ass slides, and coverslipped
for image analysis.
The mounted sections were sorted and arranged in rostrocaudal sequence.
Camera lucida drawings o f alternate cresyl violet stained sections were initially
prepared in order to identify nuclear groups and fiber tracts within the sparrow
brain. These illustrations included brain structures found in serial sections that were
seperated by approximately 200 um since only the sections in every fourth dish were
stained with cresyl violet. Nuclear groups were identified based on comparing
drawings and sections to a stereotaxic atlas o f the Canary (Serinus canaria) and
Pigeon {Columba Ihna) brain (Karten and Hodos, 1967; Stokes a al , 1974).
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Microscopic images were then superimposed on the camera lucida drawings to map
5-HT neurons. The location o f the ir-perikarya and -fibers were marked on these
drawings to determine nuclear location. These drawings were then scanned into a
PC and summary images were prepared by merging drawings fi’om all animals. The
ir-5-HT perikarya and fibers were marked in relation to nuclear groups on each
drawing. Selected images which depict changes in distribution of serotonin neurons
are included in the results. Each figure legend lists relative anterior to posterior
(AP) distance fi'om an arbitrarily assigned zero AP position within the preoptic area.
D. RESULTS
Schematic illustrations derived fiom composite drawings depict the
distribution of ir-fibers and -cell bodies (Figures 1-10). Ir-perikarya are marked with
closed circles and areas containing ir-fibers are marked with open circles. Nomen
clature used in this study is modified fiom stereotaxic atlases of the Canary {Serinus
canaria) and Rock Dove {Columba livia ) brain (Table 1) (Karten and Hodos, 1967;
Stokes fit al , 1974). Immunoreactive (ir-) serotonergic perikarya were found in the
hypothalamus and the midbrain o f the House Sparrow, with fibers being widely
scattered throughout the brain.
The anterior most portion o f the preoptic area (POA), between the chiasma
opticum (CO) and the tractus septomesecephalicus (TrSM ), contained only irserotonergic fibers (Figure 1). Serotonergic fibers were also present in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

140
Table 1. Abbreviations of Neural Structures in the Brain o f House Sparrows.

A, Archistriatum
AHP, Area hypothalami posterions
AP, Area pretectalis
B, Nucleus basalis
BC, Brachium conjunctivum
BCA, Brachium conjunctivum ascendens
BCS, Brachium coUicului superioris
Cb, Cerebellum
CbL, Nucleus cerebellaris lateralis
CbM, Nucleus cerebellaris intermedius
CbV, Tractus spinocerebellaris ventralis
CE, Nucleus cuneatus extemus
CHCS, Tractus cortico-habenularis et cortico-septalis
CO, Chiasma opticum/optic chiasm
CoA, Commissura anterior
CoS, Nucleus commisuralis septi
CP, Commissura posterior
CS, Nucleus centralis superior (Bechterew)
CTz, Corpus trapezoideum
DA, Tractus archistriatalis dorsalis
DLP, Nucleus dorsolateralis posterior thalami
DMP, Nucleus dorsomedialis posterior thalami
DSD, Decussatio supraoptica dorsalis
DSV, Decussatio supraoptica ventralis
E, Ectostriatum
FA, Tractus fronto-archistriatalis
FDB, Fasciculus diagonalis Brocae
FLM, Fasciculus longitudinalis medialis
FPL, Fasciculus prosencephali lateralis (lateral forebrain bundle)
FRL, Formatio reticularis lateralis mesencephai
Fu, Fasciculus longitudinalis medialis
FUm, Fasciculus uncinatus (Russell), pars medialis
GLV, Nucleus geniculatus lateralis, pars ventralis
GC, Nucleus gracilis et cuneatus
GCT, Substantia grisea centralis
(Table continued)
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HA, Hyperstriatum accessorium
HD, Hyperstriatum dorsale
HL, Nucleus habenuiaris lateralis
HM, Nucleus habenuiaris medialis
HP, Hippocampus
HV, Hyperstriatum ventrale
ICo, Nucleus intercoUicularis
ICT, Nucleus intercalatus thalami
EM, Nucleus isthmi, pars magnocellularis
[NP, Nucleus intrap^uncularis
10. Nucleus isthmo-opticus
IP, Nucleus interpeduncularis
IS, Nucleus interstitialis (Cajal)
LA, Nucleus lateralis anterior thalami
LAD, Lamina archistriatalis dorsalis
LFM, Lamina frontalis suprema
LFS, Lamina frontalis superior
LH, Lamina hyperstiatica (tractus fronto-occipitalis)
LHy, Nucleus lateralis hypothalami
LL, Lemniscus lateralis
LMD, Lamina medullaris dorsalis
LoC, Locus ceruleus
LPO, Lobus parolfrictorius
LS, Lemnicscus spinalis
MLd, Nucleus mesencephalicus lateralis, pars dorsalis
M NV, Nucleus mesencephalicus nervi trigemini
MPv, Nucleus mesencephalicus profundus ventralis (Jungherr)
N, Neostriatum
NC, Neostriatum caudale
nin, Nervus oculomotorius
nIV, Nervus trochlearis
nSt, Nucleus striaterminalis (Karten)
nVm, Nervus octavius
nX, Nervus vagi
nXn, Nucleus nervi hypoglossi
CM, Tractus occipitomesencephalicus
PA, Paleostriatum augmentatum
pap. Nucleus papUlioformis
PH, Plexus of Horslty
(Table continued)
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PL, Nucleus ponds lateralis
PM, Nucleus ponds medialis
PMH, Nucleus medialis hypothalami posterions
POA, nucleus preopdcus antenoris/preopdc area
PP, Paleostriatum primadvum
PPL, Nucleus paraprincipalis nervi trigemini
PPM, Nucleus preopdcus paraventriculaiis magnocellularis (Van
Tienhovenypreopdc area
PrV, Nucleus sensorius principalis nervi trigemini
PTM, Nucleus pretectalis medialis
PV, Nucleus posteroventralis thalami (Kuhlenbeck)
PVM, Nucleus paraventricularis magnocellularis
QF, Tractus quintofrontalis
R, Nucleus Raphe
RP, Nucleus redcularis ponds caudalis
Rpc, Nucleus redcularis parvocellularis
Rpgc, Nucleus redcularis ponds caudalis, pars gigantocellularis
RPO, Nucleus redcularis ponds oralis
Rt, Nucleus rotundus
Ru, Nucleus ruber
S, Nucleus septalis
SAC, Stratum album centrale
SCd, Nucleus subceruleus dorsalis
SCE, Stratum cellulate externum
SCI, Stratum cellulate internum
SCv, Nucleus subceruleus ventralis
SO, Substanda geladnosa
SGC, Stratum griseum centrale
SM, Nucleus septalis medialis
SL, Nucleus septalis lateralis
SP, Nucleus subpretectalis
SPC, Nucleus superficialis parvocellularis (nucleus o f septomesencephalis tract)
SpM, Nucleus spiriformis medialis
ST, Nucleus subtrigeminalis
TD, Nucleus tegmend dorsalis (Gudden)
TeO, Tectum opdcum
TPM, Tractus thalamo-dontalis et frontalis-thalamicus medialis
TIG, Tractus isthmo-opdcus
ToS, Torus semicircularis
(Table continued)
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Tpc, Nucleus tegmend pedunculo-pontinus, pars compacta
TrO, Tractus opticus
TrSM, Tractus septomesencephalicus
TT, Tractus tectothalamicus
TTD, Nucleus et tractus descendens nervi trigemini
Tu, Nucleus tuberis
V, Ventricle
vin, third ventricle
VeM, Nucleus vestibularis medialis
VLT, Nucleus ventroiateralis thalami
VLV, Nucleus ventralis lemnisci lateralis
VS, Nucleus vestibularis superior
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hyperstriatum accessorium (HA), along the midline medial to the lateral ventricles
(v). Within the POA at more posterior levels, scattered ir-fibers were located
around the nucleus preopticus paraventricularis magnocellularis (Van Tienhoven)
(PPM) along the Asciculus diagonalis Brocae (FDB) (Figure 2). Scattered ir-fibers
and individual ir-perikarya were also localized dorsolateral to the tractus septo
mesencephalicus (TrSM) within the lobus parolfactorius (LPO). Ir-fibers were also
found dorsally in the medial hyperstriatum accessorium (HA).
The most anterior group of ir-perikarya in the basal forebrain was localized
within the preoptic area (POA) adjacent to the third venticle (vQ I), near the nucleus
paraventricularis magnocellularis (PVM ) (Figure 3). These cells appeared to be
laminaiiy arranged, with the inner-most layers associated with the ependymal cells of
the third ventricle. At this level, ir-fibers were found in a dorsal column extending
through the septal areas (SL), medial into regions of the hyperstriatum accessorium
(HA). Immunoreactive-fibers also extended ventrally along the border of the
nucleus lateralis hypothalami (LHy) to anterior portions o f the median eminence. At
the level of the median eminence, ir-5-HT perikarya were associated with the
nucleus paraventricularis magnocellularis PVM (Figure 4). Immunoreactiveperikarya were also found within dorsal areas of the nucleus lateralis hypothalami
(Lhy) anad fibers were found medial to the tractus occiptomesencephalicus (OM)
and extending ventrally to the nucleus tuberis (Tu). Immunoreactive-fibers at this
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level also extended dorsally through the lateral septum (SL) into the hippocampus
(HP). No ir-fîbers were seen «(tending ventrally along the midline from nucleus
paraventricularis nu^ocellularis (PVN) to the nucleus tuberis (Tu).
Within the brainstem, ir-5-HT neurons continued to be associated with
tissues close to the ventral midline (Figure 5). Immunoreactive cell bodies were
localized both dorsal and ventral to the third cranial nerve (nervus oculomotorius,
nlU) and medial to the brachium conjunctivum ascendens (BCA). Fibers extended
ventrally along the lateral border o f the nucleus intrapeduncuiaris (IP ), medial to the
nucleus mesencephalicus profimdis ventralis (Jungher) (MPv). A second larger
group o f ir-fibers extended laterally, ventral to the âsciculus prosencephali lateralis
(FPL, lateral forebrain bundle), to the nucleus dorsolateralis posterior thalami
(DLP). Scattered ir-fibers also extended from the tractus occipitomesencephalicus
(OM ) to the nucleus tegmenti pedunculo-pontinus, pars compacta (TPc) and the
tractus quintofrontalis (QF).
A large field of both ir-perikarya and -fibers were found at the level o f the
pons (Figure 6). This group could be subdivided into a ventrolateral group and a
more dorsomedial group. The large ventrolateral group o f ir-neurons was found
within the nucleus reticularis ponds oralis (RPO), medial to the nucleus ponds
lateralis (PL), extending dorsomedially to nucleus centralis superior (Bechterrow)
(CS). The smaller, dorsomedial group of ir-neurons were localized within the
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brachium conjunctivum (BC) with îr>fîbers extending laterally through the nucleus
tegmenti pedunculo-pontinus. pars compacta (TPc) and the tractus occipitomesencephaiicus (OM) into the tectum opticum (TeO).
The anterior mesencephalic group o f ir-serotonergic neurons consisted o f a
ventromedial group of ir-perikarya which extended dorsally from the nucleus pontis
medialis (PM) and nucleus Raphe (R) to the locus ceruleus (LoC), medial to nucleus
reticularis pontis caudalis, pars gigantocellularis (RPgc) (Figure 7). A second, more
dorsal group was associated with substantia grisea centralis (GCT). Sertonergic
neurons extended from GCT ventromedially through nervus trochlearis (nIV) to the
fasciculus longitudinalis medialis (FLM). Fibers from this group also extended
dorsolaterally to an area ventral to the nucleus mesencephalicus nervi trigemini
(M NV).
At more posterior levels o f the pons, the distribution of serotonergic
elements appeared heart-shaped, following a circular path around the lateral margins
of the midbrain (Figure 8). The two groups o f ir-perikarya found at anterior levels
of the mesencephalon continued posteriorly, in columns along the midline. Neurons
from the ventral group appeared to extend laterally from nucleus Raphe (R) to
nucleus pontis medialis (PM) and the nucleus pontis lateralis (PL). The more dorsal
group o f ir-perikarya associated with LoC and FLM extended fibers laterally and
dorsolaterally to the dorsal portions of LoC and into the fitsciculus longitudinalis
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mediaius (Fu). Serotonergic fibers were also found in the nucleus subceruleus
(SCv).
Scattered ir-perikaiya were found at posterior levels o f the cerebellum
(Figure 9). Ventrally, ir-perikarya continued to be associated with the pontine areas
(PM). Dorsally, ir-cell bodies were found along the midline in the fasciculus
longitudinalis medialis (FLM ), with ir-fibers extending laterally into the fasciculus
uncinatus (Russell), pars medialis (FUm). Within anterior portions of the spinal
cord, scattered ir-perikarya were limited to the ventral midline areas associated with
fasciculus longitudinalis medialis (FLM) (Figure 10). Few ir-fibers were seen in the
lateral and dorsal margins o f the spinal cord.
E. DISCUSSION
In the present study, immunocytochemistry was used to map the distribution
o f serotonergic cell bodies and fibers. This project is one of the first to analyze
these neurons in the passerine brain With our previous work on the organization of
the endogenous catecholamines and gonadotropin-releasing hormone (Meseke,
1997; Meseke

al., 1993), we are beginning to understand the organization o f the

House Sparrow brain at the neurochemical level. The present report thus appears to
be the first systematic description of the serotonergic system in this species.
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Although the organization o f the central nervous system is conserved, there
is still confusion regarding nomenclature of neural structures and their homologues.
Dahlstrom and Fuxe (1964), in their monograph on the distribution of monoaminergic neurons in the rat brain, designated the dopaminergic and noradrenergic cell
groups A1-A15, the adrenergic cell groups C1-C3, and the serotonergic cell groups
BI-B9. In the mapping o f the catecholaminergic cell tracts, the previously described
nomenclature was modified for the House Sparrow brain (Meseke, 1996; 1997). In
the present study, however, Dahlstrom and Fuxe’s terminology was not used. This
is because the nomenclature of six o f the nine serotonergic ceil groups in the rat
brain were based on subdivisions of the Raphe area. In the House Sparrow brain,
however, the Raphe nucleus exists only as a narrow colunm o f cells along the
ventral midline area of the brainstem and its subdivisions are indistinct (Meseke,
1997).
As in previous studies o f the serotonergic system in the avian brain,
serotonergic perikarya were not restricted to the medial areas o f the brainstem, but
show a complex lateral distribution, intermingling with the previously described
catecholaminergic cell groups o f the brainstem (Meseke, 1996; 1997). Within the
lateral tegmental areas, serotonergic neurons were abundant in the locus ceruleus
and subceruleus, along with the A4-A6 catecholaminergic tracts. Previous
researchers have traced the ir-fibers found in the avian telencephalon to originate
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from cell bodies in these areas (Dube and Parent, 1981; Fuxe and Ljunggren, 1965;
Parent fit al-, 1984).
Although the majority of serotonergic neurons were localized within the
sparrow brainstem, an important hypothalamic cell group was formed by irperikarya in the nucleus paraventricularis magnocellularis. These ir-perikarya were
arranged in a laminar fashion, with a majority appearing to contact and penetrate the
ependymal cell layer o f the third ventricle. Cerebrospinal fluid (CSF)-containing
serotonergic neurons in this circumventricular organ have also been noted in other
avian species using histofluoresence (Cozzi fit al., 1991; Sharp and FoUett, 1968).
In our previous research o f the avian brain, this area was also shown to contain
GnRH, dopaminergic, noradrenergic, and corticotropin-releasing factor (CRF)
neurons (Meseke, 1996; 1997; Meseke fit al-, 1993; Melrose, unpublished data).
Serotonergic neurons o f the paraventricular nucl^is may be an important link for
transport o f 5-HT in CSF to various neuropeptides and neuroendocrine cell groups
in the hypothalamus and basal forebrain (Vigh-Teichmarm and Vigh, 1974).
Most areas o f the hypothalamus contained scattered ir-5-HT fibers;
however, the anterior preoptic area contained a more dense plexus of serotonergic
fibers, as noted in other birds and mammals (Parent fit al , 1984; Steinbusch, 1981;
Tohyama et al., 1974). We have previously shown the anterior preoptic area to
contain dense catecholaminergic iimervation (Meseke, 1996; 1997). Although the
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paraventricular preoptic nucleus (PPM) has been shown to contain GnRH neurons
(Mesekefital-, 1993; Silver fit âl-, 1992; Sterling and Sharp, 1982), neither
serotonergic nor catecholaminergic perikarya were found within this nucleus of
House Sparrows.
Inununoreactive-sertonergic fibers were found in the diagonal band of
Broca, in areas which contain A I4 and A15 catecholaminergic cell groups (Meseke,
1996; 1997). Co-localization of monoaminergic elements in these areas supports
physiological and pharmacological evidence for antagonistic control o f neuroendo
crine systems including those that control reproduction (for reviews see Everitt fit
al , 1992; Hoffinan fit al , 1992). The distribution o f ir-serotonergic fibers in the
septum and MBH may be further evidence o f a serotonergic role in the modulation
of avian reproduction (Sharp fit ai , 1984; 1989). Immunoreactive-GnRH neurons
have also been localized in these areas (Meseke fit ai , 1993).
In the mammalian brain, light microscopy has suggested that there may be
synaptic connections between serotonergic fibers and GnRH neurons in the preoptic
and septal areas (Jennes fit ai , 1982; Kiss and Halasz, 1985). There is also evidence
for the co-localization o f serotonergic and GnRH fibers in the OVLT of the anterior
preoptic area. The existence of these fibers in these regions is consistent with the
view that serotonin controls reproduction directly within the hypothalamus.
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In summary, the current study extends our current understanding o f the
neuroanatomy o f the passerine brain. The distribution of serotonin-containing
neurons suggests a high degree o f phylogenetic conservation in aminergic systems of
the avian central nervous system. This may indicate the conservation o f GnRH
control based on the conservation o f ascending pathways (both catecholaminergic
and serotonergic) from the brainstem and basal forebrain, and co-localization of
these groups with one another.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

162

LITERATURE CITED
Cozd, B-, C. Viglietti-Panaca, N. Aste, and G.C. Panzica. 1991. The serotonergic
system in the brain of the Japanese quail. An immunohistochemical study.
Cell and Tissue Research 263:271-284.
Dahlstom, A. and K. Fuxe. 1964. Evidence for the existence o f monoamine
containing neurons in the central nervous system. Acta Physiologica
Scandinavica 62 (Suppl.232): 1-55.
Dube, L. and A. Parent. 1981. The monoamine-containg neurons in avian brain: I.
A study of the brainstem o f the chicken (Gallus domesticus) by means of
fluorescence and acetylcholinesterase histochemistry. Journal of
Comparative Neurology 196:695-708.
Everitt, B.J., B. Meister, and T. Hokfelt. 1992. The organization of monoaminergic
neurons in the hypothalamus in relation to neuroendocrine integration.
Pg.87-128. In C.B. Nemerofif (ed.). Neuroendocrinology. CRC Press. Boca
Raton.
Fuxe, K. and L. Ljunggren. 1965. Cellular localization of monamines in the upper
brain stem of the pigeon. Journal of Comparative Neurology 125:355-382.
Ho, R.H. and A.L. LaValley. 1984. 5-hydroxytryptamine in the spinal cord of the
domestic fowl. Brain Research Bulletin 13:427-431.
HoflBnan, G.E., W.S. Lee, and S. Wray. 1992. Gonadotropin releasing hormone.
Pg. 185-217. In C.B. NemeroflT(ed.). Neuroendocrinology. CRC Press.
Boca Raton.
Ikeda, H. and J. Gotoh. 1971. Distribution of monoamine-containing cells in the
central nervous system of the chicken. Japanese Journal o f Pharmacology
21:763-784.
Jennes, L., W.C. Beckman, W.E. Stumpf, and R. Grzanna. 1982. Anatomical
relationships of serotonergic and noradrenalinergic projections with the
GnRH system in septum and hypothalamus. Experimental Brain Research
46:331-338.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

163

Kaiten^J. and W. Hodos. 1967. A stereotaxic atlas o f the brain of the pigeon
{Columba Ih ia ). Johns Hopkins University Press. Baltimore.
Kiss, J. and B Halasz. 1985. Demonstration o f serotonergic axons terminating on
luteinizing hormone releasing hormone neurons in the preoptic area o f the
rat using a combination o f immunocytochemistry and high resolution
autoradiography. Neuroscience 14:69-78.
Meseke, C.A. 1996. Immunocytochemical evidence for the existence of
noradrenergic cell bodies in the hypothalamus o f the House Sparrow.
Proceedings o f the 1996 annual meeting o f the American Ornithologist’s
UniotL Abstract 116.
Meseke, C.A. 1997. Localization o f gonadotropin-releasing hormone (GnRH) and
catecholaminergic neurons in the House Sparrow (Passer domesticus) brain.
MS thesis, Louisiana State University.
Meseke, C.A., A.H. Meier, and P A. Melrose. 1993. Distribution and morphology
of gonadotropin-releasing hormone (GnRH) neurons in the House Sparrow
(Passer domesticus). Biology of Reproduction 48:65.
Meier, A.H.and A.C. Russo. 1985. Circadian organization of the avian annual cycle.
Pg. 303-343. In R.F. Johnston (ed.). Current Ornithology Vol. 2. Plenum
Press. New York.
Miller, L J. and A.H. Meier. 1983a. Temporal synergism o f neurotransmitterafifecting drugs influences seasonal conditions in sparrows. Journal of
Interdisciplinary Cycle Research 14:75-84.
Miller, L J. and A.H. Meier. 1983b. Circadian neurotransmitter activity resets the
endogenous annual cycle in a migratory sparrow. Journal o f Interdisciplinary
Cycle Research 14:85-94.
Ottinger, M .A, 1983. Sexual behavior and endocrine changes during reproductive
maturation and aging in the avian male. Pg. 350-367. In J. Balthazart,
E. Prove, and R. Gilles (eds ). Hormones and behavior in higher vertebrates.
Springer. New York

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

164

Parent, A., D. Pohras, and L. Dube. 1984. Comparative anatomy o f central mono
aminergic systems. Pg. 409-439. In A. Bjoildund and T. Hokfelt (eds.).
Handbook o f Chemical Neuroanatomy. Vol. 2. Elsevier Science Publishers.
Amsterdam.
Powers, M. and G. Clark. 1955. An evaluation of cresyl echt violet as a Nissl stain.
Stain Technology 30:83-92.
Sako, H ., T. Kojima, and N. Okado. 1986. Immunohistochemical study on the
development o f serotonergic neurons in the chick: I. Distribution o f cell
bodies and fibers in the brain. Journal o f Comparative Neurology 253:
61-78.
Schrold, J. 1972. Behavior effects o f d-amphetamine alone and in combination with
antidepressants, antihistamines, or other psychotropic drugs in young chicks.
Psychpharmacologia 23:115-124.
Sharp, P.J. and B.K. FoUett. 1968. The distribution of monoamines in the hypo
thalamus o f the Japanese quail, (Cotum ix cotumixJaponica). Zeitschriff fur
Zellforschung und Nfikroscopische Anatomie 90:245-262.
Sharp, P J , M C . MacNamee, R.T. Talbot, R.J. Sterling, and T.R. Hall. 1984.
Aspects o f neuroendocrine control o f ovulation and broodiness in the
domestic hen. Journal o f Experimental Zoology 232:475-483.
Sharp, P.J., R.T. Talbot, and M.C. MacNamee. 1989. Evidence for the involvement
o f dopamine and 5-hydroxytryptamine in the regulation of the preovulatory
release o f luteinizing hormone in the domestic hen. General and Comparative
Endocrinology 76:205-213.
Silver, R., C. Ramos, H. Machuca, and B. Silverin. 1992. Immunocytochemical
distribution o f GnRH in the brain o f adult and posthatching Great Tit {Parus
m ajor) and Ring Dove {Streptopelia roseogrisea). Omis Scandinavica
23:222-232.
Soest, S.W., D.S. Famer, and A. Oksche. 1973. Fluorescence microscopy of
neurons containing primary catecholamine in the ventral hypothalamus of the
white-crowned sparrow, Zonotrichia leuchophrys gambelli. Zeitschriff fur
Zellforschung und \fikroskopische Anatomie 141:1-17.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

165
Steinbusch, H .W ^ 1981. Distribution o f serotonin-like inununoreactivity in the
central nervous system o f the rat. I. Cell bodies and terminals. Neuroscience
6:557-618.
Sterling, R.J. and P J Sharp. 1982. The localization of LH-RH neurones in the
diencephalon of the domestic hen. Cell and Tissue Research 222:283-298.
Stokes, T.M ., C.M. Leonard, and F. Nottebobm. 1974. The telencephalon,
diencephalon, and mesencephalon of the canary, (Serinus canaria) in
stereotaxic coordinates. Journal o f Comparative Neurology 156:337-374.
Tohyama, M., T. Maeda, J. Hashimoto, O R. Shrestha, O. Tamura, and N. Shimiza.
1974. Comparative anatomy o f the locus ceiuleus. I. Organization and
ascending projections o f the catecholamine-containing neurons in the pontine
region of the bird, M elopsittacus undulatus. Journal fUr Himforschung
15:319-330.
Van der Maelen, C P 1985. SerotoniiL Pg. 201-240. In M.A. Rogawski and J.L.
Barker (eds.). Neurotransmitter actions. Plenum Press. New York.
Vigh-Teichmann, I. and B. Vigh. 1974. The infundibular cerebrospinal fluid contact
ing neurons. Advances in Anatomy, Embyrology, and Cell Biology 50:1-91.
Yamada, H. and Y. Sano. 1985. Immunohistochemical studies on the serotonin
neuron system in the brain o f the chicken {Gallus ckmesticus). II The
distribution o f the nerve fibers. Biogenic Amines 2:21-36.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

VITA
Christopher Andrew Meseke was bom 25 November, 1967, in Ashland,
Kentucigr. After attending elementary schools in Kentuclqr, Ohio, and Iowa, he
graduated from Bettendorf Hgh School in Bettendorf Iowa, in 1985. He obtained
his Bachelor of Arts degree in biology from Luther College in Decorah, Iowa, in
May 1989. He worked as a field biologist in Iowa from June 1988 to August 1989,
then as a research assistant at the Cooperative Wildlife Research Laboratory at
Southern Illinois University in Carbondale, until May 1991, when he began his
doctoral studies at Louisiana State University in Baton Rouge, in the field of
anatomical neuroendocrinology. Concurrent to his doctoral studies, he completed a
master of science degree in Veterinary Medical Sciences from the L.S.U. School of
Veterinary Medicine in 1997. He is married to Karen Meseke, and is an
accomplished outdoor photographer, an avid bird-watcher, and competitive foil
fencer.

166

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DOCTORAL EXAMINATION AND DISSERTATION REPORT

C andidates
M a jo r F ie ld :

Christopher Andrew Meseke
Zoology and Physiology

T i t l e o f O is e e r ta tio a :

Seasonal Changes In GnRH Neurons and Effects of
Dietary Monoamine Precursors on the Hypothalamlc-Gonadal Axis In House
Sparrows (Passer Domesticus)
Appr oved;

rose.

M a jo r P ro feas o r and Chairm an

i

O ehn'ôf th e g ra d u a te S chool

EXAMINING COMMITTEE:

D ate o f K ra m in a tio n :

June 9. 1997

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

